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ABSTRACT .
This study presents a comparison of quantitative palmar
dermatoglyphic characters among highland and lowland
Peruvian Quechua.

These data are interpreted in light of an

environmental hypothesis suggesting that hypoxia at high
altitude affects the development of the fetus during the
first trimester of gestation when dermal ridges are formed.
The highland population is from the village of Ondores
in the Province and Department of Junin, and the lowland
population, the only known Quechua-speakers from the tropics
east of the Andes, is from the village of Pamashto in the
Province of Lamas and the Department of San Martin.

His

torical accounts and anthropological studies attest to the
close genetic affiliation of the two groups.
Predicated on the idea that hypoxia influences the rate
of development of mitotically active tissues (e. g. ,
dermatoglyphics), c9mparative analyses were performe� on the
following variables:

the interdigital ridge-counts,

asymmetry of ridge-counts, a-b ridge breadth, and the ·
maximal atd angle.

The interdigital ridge-counts were

examined by canonical variate analysis, principal components

analysis, and a multivariate analysis of varian�e on the

Asymmetry was examined by tests

principal component scores.

on the means (directional asymmetry) and tests on the
variances (fluctuating asymmetry).
V

Comparative analyses of

a-b ridge breadth and the maximal atd angle utilized anal
ysis of covariance.
The multivariate analyses of the interdigital ridge
counts revealed significant highland-lowland differences.
Comparison of mean asymmetry showed significant intergroup
variation.among males but not females.

Tests on the

variance of asymmetry were not significant for either sex.
The analysis of covariance of a-b ridge breadth was not
significant.

The same was true for the atd angle, although

the highland-lowland comparison of adjusted means approached
significance at p = 0. 05.
It is concluded that the significant comparative
results for the palmar dermatoglyphics among these highland
and lowland Peruvian Quechua groups may be considered
possible supportive evidence for hypoxic effects on
intrauterine development early in gestation.
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CHAPTER 1
STATEMENT OF PURPOSE
In high altitude environments humans are subjected to a
number of exogenous stresses including high solar radiation,
humidity, cold, a limited nutritional base, strong winds,
and rough terrain (Monge 1948; Frisancho 1979).

However,

hypoxia, a deficiency of oxygen reaching body tissues, is by
far the most pervasive and unique stress factor in this
environmental context (Frisancho 1979).

Indigenous popula

tions in certain areas of the world have resided for thou
sands of years at altitudes of 10,000 feet and greater.

In

these lofty altitudes, atmo�pheres are extremely rarefied
with respect to oxygen density.

The development, overall

fitness, and ultimately the survival of highland inhabitants
obviously depends upon their ability to adapt to "thinner"
air.
In recent years intensive research has been conducted
among indigenous highland population such as the Quechua of

the Peruvian Andes.

Comparative studies with lowlanders of

similar .genetic composition have revealed unique postnatal

adaptive mechanisms that enhance the transportation of oxy
gen to body tissues of highlanders.

These studies have also

demonstrated that postnatal limitations in growth and
development occur at high altitude.

1

In terms of research protocol, postnatal measurements
of growth and development can be directly assessed on living
subjects.

For obvious reasons it is much more difficult to

directly obtain prenatal measurements of fetal growth and
development.

Therefore, studies pertaining to hypoxic

effects on the developing fetus at high altitude have con
centrated on the biological status of the newborn infant as

-

indication of in utero development.

Factors shown to

reflect prenatal hypoxic effects include birth weight,
variation of relative placenta size and configuration, and
hematological measures of· enhanced erythropoiesis (Mcclung
1969; Haas 1976; Frisancho 1979).

Ideally, direct measurements taken on human fetuses
during gestation would provide more specific answers to
questions pertaining to intrauterine development.

The

development of the dermal ridges of the hands and feet lend
themselves to such a research design.

The configuration of

the dermal ridges is established by 10 to 12' weeks of gesta
tion.

Once established, the arrangement of the ridges is

unalterable,· only responding to continued prenatal and.post
natal growth.

As such, they represent a permanent record of

individual morphological development during this early

period of gestation.

Dermatoglyphic data are also easily

obtainable from hand and foot prints of living subjects.
The purpose of this thesis is to present a comparison
of guantitative dermatoglyphic characters of the palms among
2

highland aoo lowland Peruvian Quechua-speaking populations.
The highlanders are from the village of Ondo.res in the
Province and the Department of Junin (altitude 13,615 feet).
The lowlanders, currently called the Lamistas, are from the
village of Pamashto in the Province of Lamas and the Depart
ment of San Martin (altitude 3,215 feet).

The Lamistas are

the only known Quechua-speaking people from the tropics east
of the Andes (Frisancho and Klayman 1975).

Various histor

ical sources suggest that the Lamistas represent the descen
dants of Chanca tribes that resided in southern and central
Peru during Inca times.

Figure 1 depicts the location of

these highland and lowland populations.
The primary hypothetical expectation for this research
problem is that significant differences between the popula
tions will be found for quantitative palmar·dermatoglyphic
characters, presumably due to fetal hypoxic effects among
the highlanders.

This environmental hypothe_sis assumes that

the genetic composition of the two populations is similar.
This aspect will be discussed more thoroughly in the ensuing
chapter.

Rationale for the hypothesis relates to the fact that

the development of the human fetus is dependent upon both

genetic and environmental factors that affect growth during
gestation.

The resultant phenotype of the organism thus

depends not only on its own genetic potential but also on
3
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P E·R U

Figure 1.

Present-day Location of Populations Compared in
This Study (Pamashto, Lamas and Ondores), and
Occupied Regions of the Chanca (Shaded Area)
(from Frisancho and Klayman 1975: 286).
4

the genetic contribution of the mother and the intrauterine
environment (Haas 1976).

Because the mother serves as a

buffer between the external environment and the fetus, any
exogenous stresses acting upon her may potentially affect
normal fetal development.

By holding genetic considerations

somewhat constant, dermatoglyphic differences between popu
lations may reflect alterations of fetal development due to
environmental factors.

By extension, postulated dermatogly

phic differences between the populations examined in this
study may possibly be attributable to hypoxic effects on the
developing fetus.
To the knowledge of the author, no other studies exist
that directly relate dermatoglyphic development and intra
uterine hypoxic effects.

One study by Klayman et al. (1977)

did compare these same two populations for differences in
various gualitative dermatoglyphic characters (however,
the atd angle was included).

Their results showed that:

Lowland males and females have greater frequencies
of whorls and fewer loops and arches in their first
and fifth digits than their highland counterparts.
Lowland males and females also have fewer proximal.·
and ulnar endings and more radial endings in their.
c line terminations than the highland males- and
females. The right interdigital area III of low
land females shows a greater frequency of overall
patterns (vestiges, loops and whorls) than that of
the highland females (Klayman et al. 1977: 363).
In view of these results, only genetic considerations were
discussed by the authors.

The data were not interpreted in

developmental or environmental terms.
5

Due to the methods of analysis, this study may also
have implications for general dermatoglyphic development on
the palms.

Dermatoglyphic research has concentrated much

more heavily on the dermal ridges of the fingers.

Any new

findings pertaining to the development of palmar dermal
ridges would greatly enhance the present state of knowledge
of these dermal characters.

6

CHAPTER 2
HISTORIC AND GENETIC CONSIDERATIONS
OF THE POPULATIONS
OVERVIEW

1.

The Andes Mountain system, situated along the western
margin of South America, originates in northern Venezuela
and extends to nearly the southern end of Chile for a
distance of over 4500 miles (Thomas and Winterhalder 1976).
Average width of the Andes is approximately 250 miles
(Markham 1892).

As far north as eastern Bolivia and central

Peru, and extending into northern Chile, the mountain system
separates into three distinct chains--the Maritime Cordil
lera, the Central Cordillera, and the Eastern Cordillera
(Markham 1892).

The valleys and plateaus of the inter-

montane region between the Maritime and Eastern Cordilleras
collectively comprise what is called the altiplano (Thomas
and Winterhalder 1976).

Within the altiplano at altitudes

even as high as 17,000 feet, human habitation has occurred
for several thousand years.

Great aboriginal civilizations,

the most notable being the Inca, have risen and fallen in
this intermontane region.

The present-day descendants of the Inca, located espe

cially within the altiplano of the central and southern
Peruvian highlands, are from an ethnic standpoint called
7

Quechua.

In truth, the term Quechua is somewhat of a misno

mer for these Inca descendants.

According to Markham

(1910) , at the time of the Spanish conquest a rather "uni
versal". language called the Runa-simi was spoken throughout
much of the vast Inca Empire.

In certain areas dialectical

variations existed, but they were nonetheless closely affil
iated with the Runa-simi.
In the early post-conquest years, Spanish priests recog
nized the importance-of learning the native tongue for
purposes of proselytization of the Roman Catholic faith.

A

Dominican friar, Domingo de Santo Tomas, was the first to
complete a grammar of the Runa-simi, the second edition
having been published in 1586, in Lima.

In this tome Santo

Tomas referred to the Runa-simi as Quechua.

Markham (1910)

notes that the only good reason Santo Tomas had for applying
this name to the general language of the Incas was that the
homeland of the original Quechua people was where he studied
· and recorded the Runa-simi grammar.

The original Quechua

were actually just a small group of allied village communi
ties located to the west of Cuzco, the Inca cap�tal.

Never

theless, others who subsequently studied the native grammar,
in particular the Jesuits, adopted Quechua as the name for
the Inca language, and it thus continues as the ethnic
designation for the people of this region.

8

2.

INCA HISTORY AND THE CHANCA WARS

Details of Inca history and culture are found in the
early works of a number of 16th and 17th century chroni
clers.

Any list of the more prominent early historians must

include Cieza de Leon, Juan de Betanzos, Pedro Sarmiento de
Gamboa, Miguell Cabello Valboa, Fr. Bernabe Cobo, Inca Gar
cilaso de la Vega, Huaman Pomo, and Blas Valera.

This array

of early scholars includes soldiers, priests and mestizo
natives.
The ensuing historical description is based primarily
on the early works of Sarmiento (1907; first printed in
1572) and Cobo (1979; completed in 1653, but not reprinted
until much later), and on more recent works by Sir Clements
Markham (1892, 1910) and Burr Cartwright Brundage (1963).
To be sure, both Markham and Brundage relied extensively on
the works of the .early chroniclers of Inca history.
Inca legend tells us that at a site called Parcari
tambo, located approximately 18 miles south-southwest of
Cuzco, four "brothers" and.four "sisters", having been
.

.

created by Viracocha, the creator god, emerged from a '!win-.
dow" on the hill called Tambotoco.

These "brothers" and

their "sister"-mates then began their exodus toward the

valley of Cuzco with other affilliated tribes.

Along the

By the time that the "children

way more groups joined in.

of the sun" had assumed control of Cuzco only one brother,

9

Manco Capac, remained.

Purportedly, he was the first Inca

"king".
Brundage (1963) established the date of entry into
Cuzco at approximately 1250.

Although debatable, Brundage

(1963) feels that the four "brothers" are analogous in fact
to four of the major tribal entities that played a role in
the establishment of Cuzco, these being the Tambos, the
Antasuyas and Sauasirays (together called the Cuzcos), and
the Alcavisas. He further states:
As far as we can identify the four brothers from
Pacaritambo, they thus represented not only
different ethnic groups but different periods of
entry and dominance. And in fact it is certain
that more than four peoples were involved. Out of
it all however was finally to emerge a city which
disposed of a new form of political power, empire,
and this imposed integrity was to necessitate a
single myth. Though the elements of that myth had
once been the disparate property of the diverse
groups, the needs of the new state were to fuse
them finally into one orthodox and offical account;
disparity could not be admitted, and so the "Incas"
appeared just as if there had never been a time
when they had not existed as one people (Brundage
1963:19).
Beginning with Manco C�pac, the overall effect of lead
ership for the first four Inca chieftains was the establish
ment and consolidation of the city of Cuzco.

The fifth

through seventh leaders began to exert their powerful influ

ence within the valley of Cuzco and even established alli
ances beyond the valley.

However, it was not until the

reign of the eight ruler, Viracocha Inca, that the visages
of empire began to manifest.
10

It was also during Viracocha's reign that the Chancas
first began to test the might of the Inca . Empire.

However,

before continuing with the Chanca Wars it is necessary to
briefly discuss the geographical extent of the Inca Empire
at its zenith.

This information will aid comprehension of

the remainder of the historical text.
The official name for the Inca Empire given by
Viracocha was Tahuantinsuyo, meaning "four combined provin
ces".

These four divisions roughly conform to north, south,

east and west dominions radiating from the Inca capital of
Cuzco (see Figure 2) . · Respective to the cardinal .direc
tions, the divisions were called the Chinchaysuyo, the Col
lasuyo, the Antisuyo, and the Contisuyo.

Figure 2 depicts

the Inca Empire with the four respective divisions and
peoples of importance during Inca times.
The Chinchaysuyo was comprised of the altiplano north
of Cuzco.extending as far as present day Columbia, and
included all contiguous coastal regions west· of the Maritime
Cordillera.

The Collasuyo included a vast area south of

Cuzco that extended well into Chile near the present-day
capital of Santiago.

The Antisuyo included the lands of the

Eastern Cordillera and beyond into the forest fringe.

The

western division, the Contisuyo, was a wedge-shaped area
that fanned out from Cuzco and crossed the Maritime Cordil
lera to the coast.

All told, the length of the Empire was

11
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Figure 2.

Tahuantinsuyo, the Inca Empire.
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close to 3000 miles and the width was 300 miles in places
(Herring 196 8) .
The reign of Viracocha is thought to have lasted as
long as 52 years from 1386 to 1438 .

At the time of his

ascension to the throne, Cuzco was experiencing widespread
unrest among neighboring communities.

Viracocha promptly

restored order and turned his attention to securing the
northern and southern ends of the entire Cuzco valley.

As

Brundage (196 3: 7 4) notes, prior to Viracocha, warfare had
·consisted of "sporadic series of raids and sacks. "

This

ruler, however, amassed a large, organized military force
and laid the foundations of the empire.
Upon his return from the campaigns in the Cuzco Valley,
Viracocha once again found it necessary to quiet dissension
in Cuzco that had erupted while he was away.

The last of

Viracocha's major military expansions was into the Collasuyo
all the way to the edge of the basin of Lake Titicaca.
Toward the end of Viracocha's reign, the Chanca of the
yet unconquered Contisuyo region were also expanding their
domain.

The Chanca homeland lay between the Apurimac and

the Pachachaca Rivers.

In the Contisuyo between the Pacha

chaca and the Pampas Rivers, located just south of the
Chanca homeland, resided the original Quechua tribal groups.
The encroaching Chanca forced the Quechua eastward and
necessitated an alliance between the Quechua and the Inca of

13

Cuzco.

Of the Chanca at this time Markham (1892: 42-43)

states:

The Chancas were the rivals of the Incas, speaking
the same language, and enjoying a kindred civiliz
ation • • • . They had formed a confederation of
tribes including the Pocras of Gaumanga, the Huan
cas of Xuaxa, the Yauyos, Saras, and Runcanas on
the western slopes of the maritime cordillera, and
probably the Chinchas who inhabited the coast
valleys from Barranca, to the north of Lima, as far
as Nasca. The Chanca confederation was led by
warlike chiefs, and sooner or later a death strug-.
gle was inevitable between the Incas and Chancas.
During his lifetime, Viracocha reputedly produced a

number of both legitimate and illegitimate sons.

One of the

legitimate boys, Inca Yupanqui (later named Pachacuti),
would eventually rid the Empire of the Chancas.

However,

prior to this episode in Inca history, Viracocha named as
coregent an illegitimate son, Inca Urcon.

Viracocha went

into semiretirement at a mountain.fortress located north of
Cuzco and left Urcon in charge.

Apparently, Urcon tired of

his administrative duties and left for a life of debauchery
at a retreat also to the north of Cuzco.
appointed Pachacuti governor of Cuzco.

In his stead he
While governor,

Pachacuti acquired the allegiance of two very important

gererals, several of his other brothers, and various other
Inca personages of importance.

In essence, Urcon 's depar

ture from Cuzco allowed Pachacuti to start building his
power base.
Around 1438, the Chancas marched on Cuzco with "an
overwhelming display of power" (Brundage 1963: 85).
14

Both

Viracocha and Urcon returned to Cuzco, but fled shortly
thereafter with a sizable entourage.

Disgusted with his

father and brother, Pachacuti felt that there was no other
recourse but to remain and defend Cuzco.

With its forces

depleted the future of Cuzco looked bleak as the city was
virtually surrounded by the Chancas.
The remaining cuzque�os fought valiantly throughout the
night.

At dawn of the next day the Chancas attacked in full

force.

Pachacuti led a charge into the heart of the Chanca

attackers.

Such bravery created a panic among the Chancas,

and around noon they retreated to their camp on the out
skirts of the city.

With the tables turned, Pachacuti

reorganized his forces; and perhaps as long as a year later,
he chased the Chancas back across the Apurimac River into
their own territory.
Pachacuti's next order of business was to firmly secure
his exhalted position.

This meant disposing of his brother,

Urcon, and forcing his father's abdication.

Urcon was even

tually hunted down and assassinated, and Viracocha was

shamefully coerced into passing on the scepter to Pachacuti
whose military exploits were really just beginning.

Pachacuti proceeded to consolidate his empire to the

north and south of Cuzco with savage fury.

After opening

the doors to the northern Antisuyo he turned his attention
to the ultimate defeat of the Chanca nation.

Without

encountering altercation, the Inca army crossed the famous
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suspension bridge that hovers 120 feet over the Apurimac
River.

However, once in Chanca territory the fighting

commenced furiously, only to cease with the final submission
of the Chanca leaders.
Pachacuti next turned his efforts toward subduing the
Saras of the Chinchaysuyo and the Lucanas of the Collasuyo.
In effect, with the subjugation of the Chancas, Saras, and
Lucanas, the �ay was opened for further-reaching conquests
in the Chinchaysuyo and the Collasuyo.
As Pachacuti turned his army northward into the Chin
chaysuyo, he devised an excellent plan to disrupt any possi
ble threat of consolidation among the Chanca warriors now
Essentially, he

under conscription in the Inca army.

divided the Chanca warriors into two contingents, one being
utilized in the southern campaign and the other sent to the
north.
Following the defeat of the most powerful group in the
Lake Titicaca basin, the Colla, Pachacuti returned to Cuzco.
Instead of assuming direct command of the northern campaign
in the Chinchaysuyo, he appointed his brother, Capac Yupan

qui, as Captain-General of the armies.

The Chanca contin

gent of the northern army was led by a warrior, Ancoayllu,
who recently had been released from prison in Cuzco.

The army of Capac Yupanqui rolled steadily northward
until it encountered stiff opposition at a fortress near
Parcos in the vicinity of Huamanco.
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The fortress was even-

tually taken, but not without fierce and extended fighting.
Intere�tingly, it was the Chanca contingent that distin
guished itself in battle above all other contingents.
As the Inca army pressed on into the valley of Juaja
and then into the region around present-day Junin, the
resistance became increasingly more severe.

Nonetheless,

the Inca army prevailed, again with the Chancas distinguish
ing themselves in battle.
The valorous deeds of the Chancas did not sit well with
Pachacuti.

Fearing that their success and prestige might

lead to mutiny, he secretly ordered his brother-general to
completely vanquish the Chanca once and for all.

One of the

general's wives also happened to be the sister of Ancoallyu,
the Chanca leader; and when she inadvertently heard the
secret plan, she irmnedi�tely warned her brother. · Ancoallyu
then devised a counter-plan for escape.
As the Inca army neared the city of Huanuco a signal
was given, and the Chancas swiftly broke off from the main
body.

They fled northward, pillaging as they proceeded.

Capac Yupangui gave chase to the mutineers and �teadily
forced them farther and farther to the east and north.

In

all likelihood the Chancas crossed the watersheds carved by

the Maranan River and fought their way into the land of the
Chachapoyas.

From there they followed a tributary of the

Mara�on, the Huallaga River, into the monta�a (forest), and
finally settled in the present-day Province of Lamas on the
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Mayo River (refer back to Figure 1 which depicts the occupied Chanca regions before and during their trek to the
lowlands).

Regarding this trek, Markham (1910: 198) states:

On the river Huallaga the remnant of the Chancas
took refuge, and the ancestors of the existing
Amazonian tribe of Mayorunas are said to have fled
before the Chancas to settle lower down the course
of the great river. The present Huallaga tribes of
the Cholones and Motilones, or Lamistas, may be
descendants of the Chancas.
An excellent synopsis of the Chanca is provided by
Brundage (1963: 115) as follows:
These Chancas were thus one of the very few Peru
vian nations which refused to accept defeat at the
hands of the Incas, and as such, safely ensconced
in their far-distant and quarantined kingdom of the
upper jungles, they became a name to conjure with.
Honors perhaps were even--they could no longer do
the Incas harm, yet no Inca ruler could ever
effectively wipe that blemish of failure from his
escutcheon.
3.

GENETIC CONSIDERATIONS:

GENE FLOW AND DRIFT

Based on the historical information presented above,
there is little doubt that the lowland Lamistas are the
present-day descendants of the highland Chanca who were
forced from the altiplano.

The Quechua linguistic affilia

tion of the Lamistas certainly supports this presumption.

However, it cannot be categorically assumed that linguistic

conformity necessarily implies genetic homogeneity among
populations.

With respect to the linguistic and genetic

homogeneity of several other Quechua groups from the Peru
vian Andes, Garruto and Hoff (1976: 9·8) state:
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If there has been even partial isolation and the
habitats of the populations are dissimilar, there
is the possibility that significant genetic dif
ferentiation at some loci may occur due to dif
ferential selective pressures, gene flow from other
gene pools, selective migration, and stochastic
processes, that is, sampling error in migrants and
genetic drift in sub-populations (Wright, 1931,
1948).
Therefore, because the Lamistas have been separated from the
original Quechua domain for approximately 500 years, it is
essential that the effects of .genetic differentiation among
the lowlanders be addressed.
Frisancho and Klayman (1975) have shown that gene fre
quencies for the A-B-0 and Rh blood systems are remarkably
similar among the lowland Lamistas and the highlanders from
Junin.

In the same study it was also shown that these

populations significantly differed from several lowland
tropical tribes in these blood polymorphisms • . Another work
by Frisancho et al. (1980: 368) notes that "a strict tribal
endogamy is maintained" with respect to intermarriage
between the Quechua-speakers and Mestizo residents in the
town of Lamas.

All these findings suggest that the lowland

Lamistas are a homogeneous population that has maintained
genetic integrity through endogamous marriage practices
since their arrival in the lowlands.

Although.the rate of

out-migration for the lowland Quechua is not known, the

enduring similarities in gene frequencies among the lowland
ers and highlanders suggests that this is a negligible
factor.
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Should the results of the present study reveal differ
ential patterning of palmar dermatoglyphics betwen the two
populations, the question arises whether or not the differ
ences may be explainable in terms of stochastic genetic
change, that is, genetic drift.

Considering that the popu

lations diverged some 500 years ago, it is plausible that a
founder-type effect could have occurred with the migration
of the Chanca.

T.hus, in this situation it could be assumed

that differences in .traits under genetic control resulted
due to chance.

The similar _frequencies for the blood poly

morphisms tend to refute this possibility.

Postulated der

matoglyphic differences between the two populations would
then spawn questions regarding which type of genetic charac
ter, monogenic or polygenic, more accurately depicts popula
tion relationships.
It has been suggeted by some researchers (e. g. Rife
1953; Plato 1970; Rothhammer et al. 1977; Froelich and Giles
1981a) that single-locus characters such as blood polymor
phisms are more susceptible to stochastic processes than are
polygenic traits such as dermatoglyphics.

Rothhammer et al. (1977:57):

Acco�ding to

. . . polygenic (dermatoglyphic) traits evolve at a
slower rate than monogenic systems, and are thus
less susceptible to evolutionary forces, particu
larly genetic drift.

Conversely, others (e. g. , Meir 1974; Thoma 1974) have
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suggested the opposite based on results of their microevolu
tionary studies.
The effectiveness of polygenic characters, including
dermatoglyphics, anthropometrics, and ondontometrics, -as
opposed to monogenic traits in determining population rela
tionships can perhaps best be assessed by congruency .studies
among these characters.

A number of congruency studies have

been conducted among various populations throughout the
world (see Meier 1980, and Relethford and Lees 1982, for
comprehensive reviews) with respect to geographical, bio�
logical, and cultural distance.

Agreement within each study

for particu�ar characters has been equivocal.

The results

of one study versus another, even while utilizing the same
traits have also been equivocal.

Particularly with regard

to dermatoglyphic congruence with other biological vari-·
ables, Meier (1980) has suggeste4 five factors that have
affected agreement in such studies.

These factors are: (1)

number and kinds of dermatoglyphic traits used; (2) number
and kinds of other biological/genetic measures used; (3)

sample size and composition; (4) methods of testing congru

�nce (e. g. univariate versus multivariate statistics); and,
(5) the level of population study and comparison.

Releth

ford and Lees (1982:125) have noted that "these factors are
pertinent to all studies of distance matrix comparison
used," and further suggested "that the degree of environmen
tal heterogeneity among populations and changes in
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population structure over time are also important vari
·ables. "
Pertinent to

Meier's

(1980) fifth criterion,

the

level of population study and comparison, congruency between
dermatoglyphic and anthropometrics at a global level is at
variance; however, at this level, congruency between der
matoglyphics and serological systems does seem to_be more
consistent than congruency of dermatoglyhpics and the other
systems (see Thoma 1974; Jantz 19 75; Rothhammer et al.
19 77) .

Once one starts looking at comparisons at the inter

population level within specific geographical areas, and
particularly within microevolutionary contexts, the congru
ency between these data sets becomes even more spurious
(e. g. see Chai 19 7 2; Friedlaender 1975; Rothhammer et al.
19 77) .

Again� the efficacy of these studies undoubtedly

depends on all of the above factors noted by Meier (1980) .
Returning to the central issue, the effect of genetic
drift on monogenic and polygenic systems, recent works by
Giles et al. (1966, 1970) , McHenry and Giles (1971) , and
Froelich and Giles (1981a, b, ) conducted at the intervillage
level in New Guinea have seemingly shed light qn the prob
lem.

Giles et al. (1966, 1970) attributed the diversity of

serlogical gene frequencies among villages to genetic drift.
McHenry and Giles (1971) came to essentially the same con
clusions with respect to intervillage heterogeneity of
anthropometric measurements.
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However, Froelich and Giles

(198la,b) found that dermatoglyphic traits (fingerprints)
were in close compliance with intervillage relationships
based on linguistic data.

Froelich and Giles (1981b: 105)

concluded:
We believe that dermatoglyphs are conservative with
respect to plastic environmental influences and to
the stochastic processes of evolution. Both in
theory and in practice, dermatoglyphics offer
numerous advantages for the biological reconstruc
tion of human prehistory • . ••
By this line of reasoning, since the two Quechua popu
lations examined in the present study did not exhibit signi
ficant differences for the single-locus blood polymorphisms,
any dermatoglyphic differences might then be attributable to
exogenous factors affecting normal development.

However, a

more recent study by Rogers and Harpending (1983) showed
that:
The variance of among-group variance is substantial
and does not depend on the number of loci contri
buting to variance in the character. It is just as
large for polygenic characters as for single loci
with the same additive variance. This implies that
one polygenic character contains exactly as much
i�formation about population relationships as one
single-locus marker.

It would appear that polygenic characters such as dermato-

glyphics may be equally as affected by stochastic processes
as are single-�ocus markers such as A-B-0 and Rh.

By the

same token, this also implies that single-locus markers may
be as accurate as polygenic characters in reflecting the
population history of groups.

Thus, the evidence of Rogers

and Harpending (1983) does not necessarily invalidate an
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environmental hypothesis to explain dermatoglyphic differ
ences between the Quechua populations.
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CHAPTER 3
DEVELOPMENTAL AND GENETIC CONSIDERATIONS
OF HIGH ALTITUDE ADAPTATION
1. POSTNATAL ADAPTATIONS
Physiologically, a hypoxic condition occurs when body·
tissues receive a deficient supply of oxygen from the blood.
Although certain pathological conditions may deprive cells
of necessary oxygen, oxygen deprivation at high altitude
results from the limited capability of the respiratory and
cardiovascular systems to transport adequate oxygen concen
trations from atmospheres in which air molecules are less
concentrated.

For example, in altitudes of approximately

10, 650 feet the partial pressure of oxygen in the atmosphere
is reduced by 35% when compared to sea-level partial pres
sure.

Thus, the partial pressure of oxygen reaching the

lungs is similary reduced among inhabitants residing at this
altitude (Frisancho 19 79) .
Frisancho (1979: 118, 132) lists general mechanisms.·of
adaptation or acclimatization in high altitudes· as follows:
(1) pulmonary ventilation; (2) lung volume and pulmonary
diffusing capacity; (3) transport of oxygen in the blood;
(4) diffusion of oxygen from blood to tissues; and, (5)
utilization of oxygen at the tissue level.

It is important

to note that lowland natives sojourning at high altitude do
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not follow the same pathway of acclimatization as highland
natives (Frisancho 19 79) .

·Though they share certain adap

tive responses, the highlander, due to his prolonged resi
dency at high altitude, will exhibit developmental features
that are not necessarily characteristic of sea-level
sojourners at high altitude (see Figure 3) .
Postnatal adaptive features noted among the Quechua and
other high altitude populations include increased lung capa
city (Frisancho 1969, 1976; Frisancho and Baker 1970; Fri
sancho et al. 19 7 3; Boyce et al. 197 4; Mueller et al. 19 78a)
and an increase in heart size, in particular the right
ventricle (Arias-Stella and Recavarren 1962; Penaloza et al.
196 4) .

These enlarged organs of the thoracic cavity are

reflected by perhaps the most striking f�ature of high
altitude morphology, an enlarged chest (especially chest
depth) (Frisancho 1969, 1976; Frisancho and.Baker 1970; Hoff
197 4; Beall et al. 19 77; Malik and· Singh 19 78; Mueller et
al. 19 78a; Palomino et al. 19 79; Stinson 1980; Beall 1982) .
While these features reflect beneficial adaptations to
ameliorate hypoxic effects, comparisons of highland popula
tions with lowlanders of similar socioeconomic status show
that growth in weight and stature is suppressed for all
postnatal ages among the highlanders (Frisancho 1969, 19 76, .
19 79; Frisancho and Baker 19 70; Hoff 197 4; Beall et al.
1977; Pawson 1977; Mueller et al. 19 78b; Palomino et al.
1979; Stinson 1980; Beall 198 1; Schutte et al. 198 3) .
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Comparative studies also show that highlanders exhibit
delayed skeletal maturation (Frisancho 1969, 1976, 1979;
Frisancho and Baker 1970) as well as delayed sexual matura
tion (Donayre 1966; Stinson 1980).

Ostensibly, this leads

to a prolonged growth period among highlanders (Frisancho
1979).
The particular growth and developmental patterns exhi
bited by highlanders suggests acclimatiization to hypoxia as
the primary mediating factor for these characters.

However,

growth and development at high altitude may also be influen�
ced by many of the previously mentioned environmental fac
tors, the extent of which is difficult to ascertain.

Addi

tionally, the genetic contribution in terms of natural
selection may also lead to the particular phenotype of
highland populations (Frisancho 1979).

Interethnic compari

sons of groups residing in similar high altitude environ
ments and highland-lowland contrasts of genetically similar
populations lend themselves in this regard. · of course, in
order to potentially discern whether or to what degree

selection influences the highland pattern of development it
is necessary to control for the intervening environmental

factors, or at least be aware that comparative differences
may be partially attributable to their effect.

Relative to postnatal growth and development, virtually
all of the aforementioned studies have addressed the problem
of selection versus acclimatization.
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As expected, the

results are equ�vocal from one study to the next .

It could

very well be that growth characters such as stature and
weight are under different genetic control than other fac
tors such as chest growth (Frisancho and Baker 1970; Beall
et al . 1977).

Studies dealing with lowland migrants to high

altitude also indicate that the growth and development of
these characters, is to a large degree dependent on exposure
to high altitude during critical periods of growth during
childhood and adolescence (Frisancho 1979).
2 . EVIDENCE FOR FETAL HYPOXIA

Even at low altitudes it is known that the fetus under
goes hypoxic stress (Barcroft 1936), that the energy
requirements of pregnant women are increased, and that
changes in maternal respiratory patterns occur (Hytten and
Leitch 1971) .

Thus, the physiological demands on the mother

and the fetus should be magnified under hypoxic conditions.
While the fetus is capable of receiving· oxygen via the
uterine walls, amniotic fluid , fetal skin, respiratory epi

thelium , and fetal lungs, the primary net transfer of oxygen
is via the maternal uterine circulation, the placenta, and

the umbilical cord (Kirschbaum and DeHaven 1968).

In this

regard, the supply of oxygen from mother to fetus must be of
sufficient quantity to satisfy fetal requirements, and the

pressure with which it is delivered via the bloodstream must
be of sufficient tension to allow adequate oxygen levels to
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reach the fetus (Hytten and Leitch 1971; Forster 1973).
Thus, during pregnancy, maternal and fetal adjustments to
enhance oxygenation must occur.
Fetal adaptations include increased fetal blood flow,
increased hemoglobin concentration, an increase in the
degree of capillary vascularization, and enhanced tissue
myoglobin (Metcalf et al. 1967; Mcclung 1969; Hytten and
Leitch 1971).

Maternal adaptations include hyperventili

tion, a decrease in alveolus-to-capillary diffusion gradient
in the lungs, an increase in the uterine blood flow to the
placental villi, and a decrease in the affinity of maternal
hemoglobin for oxygen (Mcclung 1969; Hytten and Leitch
1971).
The most common measure of fetal development is birth
weight.

Surveys conducted among populations from the United

States and Peru clearly show that mean birth weight is
depressed at high altitude.

Additionally, the frequency of

low birth weight babies is higher among highland inhabitants
(Mc�lung 1969; Haas 1976).

Regarding Peruvian populations,

Haas (1976; 163) states, "The difference in mean birth weight
between high- and low-altitude samples varies from 218 to
550 g, or 6. 3-15. 7 percent reduction at high altitude. "

It is pointed out by Mcclung (1969) and Haas (1976)

that the majority of the early surveys pertaining to birth
weight variation at different altitudes failed to control
for a number of confounding factors that can affect mean
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birth weight.

Such factors include ethnicity, socioeconomic

class, sex, maternal age, parity, gestational age, maternal
height and weight, cigarette smoking, and nutritional defi
ciency.
Mcclung (1969) conducted a study of comparative birth
weight and other factors relating to fetal development among
highland Quechua from Cuzco (altitude 11,200 feet) and low
land Quechua natives from Lima (altitude 665 feet).

In this

work she controlled for many of the confounding factors by
interview, observation, and comparative measurements rela
ting to maternal size, nutritional estimates, and gesta
tional age of the newborn.

By holding these factors· con

stant, she demonstrated that the average highland neonate
was more than 200 grams lighter than the average lowland
newborn.

Haas (1976) utilized a similar research protocol

to assess birth weight and other developmental features
among Peruvian populations from highland Puna (altitude
12,565 feet) and lowland Tacna (altitude 1,865 feet).

Simi

lar to McClung's (1969) finding, birth weight averaged 218
grams lower for the highland newborns.

Mean differences in

both these studies were statistically significant.

While the implication thus far has been that depressed

birth weight at high altitude results from maternal develop
mental responses, some evidence would suggest an underlying
genetic basis for this trait.

For example, · Mcclung (1969)

has shown that Quechua highland neonates have birth weights
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approximately 400 grams heavier and females bear 50% fewer
low birth weight infants than the same in populations from
similar altitudes in Lake County, Colorado (Lichty et al.
1957), and Leadville, Colorado (Grahn and Kratchman 1963).
Interethnic comparisons with Quechua natives and Mestizos
residing at high altitude show that the latter have higher
frequencies of low birth weight infants and a lower mean
birth weight among newborns (Haas 1976; Haas et al. 1977).
Another study by Haas (1978) found the same to be true in
LaPaz, Bolivia, between indigenous natives and non-Indian
native-born women. These data and a consideration of the
many generations that the Andean populations have lived
under hypoxic conditions may suggest that selection for
certain adaptive phenotypes has occurred.

Frisancho et al.

(1973b) conducted a study among females of low socioeconomic
status from Cuzco and determined that smaller women, who
usually bear smaller babies, had a better rate of survival
for th�ir offspring than larger women.

A recent study by

Bea11· (1981) tested the hypothesis than hospital-born

infants from Puna, Peru (altitude 12,565 feet) would have a

lower optimum birth weight than their lower altitude coun

terparts from Tacna (altitude 1,865 feet).

Based on mortal

ity rates relative to birth weight, she confirmed her hypo
thesis and suggested that the high altitude population was
more rapidly approaching the optimum birth weight than the
low altitude population.
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The primary caveat in the genetic argument is that many

of the studies pertaining to birth weight and altitude have.

.

dealt with comparisons between populations, such as in Peru,
that are remarkably genetically similar for various polymor
phisms (Mcclung 1969; Haas 1973,1976).

Studies . by Mcclung

(1969), Haas (1973, 1976, 1978), and Haas et al. (1977) have
also shown that other measures of newborn body size and
composition are all related to altitudinal variation when
ethnicity and parity have been controlled.

In summary, like

the studies addressing postnatal selection and acclimatiza
tion, the prenatal studies pertaining to birth weight are
also somewhat equivocal.
Another means of potentially determining intrauterine
hypoxic effects on the developing fetus is examination of
placental changes.

As the. placenta is the link between

mother and fetus, alterations in its size and configuration
may be expected under more extreme hypoxic conditions.
Kruger and Arias-Stella (1970) showed that absolute placenta
weight was greater among newborns from Rio Pallanga, Peru
(altitude 15,100 feet) when compared to a lowland sample

from Lima.

This was true despite the lower birth weight of

the highland newborns.

However, Mcclung (1969) reports a

study by Sanchez Kong (1963) that showed no difference in

placenta weight among a highland Peruvian sample from Cerro
de Pasco (altitude approximately 14,00 feet) and a lowland
sample from Lima.

What Sanchez Kong (1963) did find was
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that placenta weight relative to fetal weight ( the placental
ratio) was significantly greater at high altitude.
McClung 's ( 1969) own study comparing samples from highland
Cuzco and lowland Lima also demonstrated a significantly
greater placental ratio among highlanders while showing no
difference in absolute placenta weight.

It is obvious from

the latter two studies that the greater placental ratios
among highlanders result - from the small birth weight of
. newborns and not to demonstrably significant increases in
placenta weight.
Hytten and Leitch ( 1971) note that correlations between
birth weight and placenta weight within sex, parity and
gestational categories are usually around 0. 5 and 0. 6.

One

might expect higher correlations if a large portion of birth
weight is presumed to be explained by placenta weight.
Aherne and Dunnill ( 1966) considered placenta weight
from a more functional perspective, that is, in terms of its
oxygen diffusing capabilities, and showed a very high corre
lation ( 0. 89) between weight and capillary surface area.

They also showed a high correlation between placenta surface
area and placenta capillary area.

Mcclung found a significant negative correlation

between minimum placenta diameter and placenta depth in her
highland Cuzco sample, indicating that the increase in dia
meter is mirrored by a decrease in depth.

Further calcula

tions by Mcclung ( 1969) showed an increase of placenta area .
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relative to weight within the highland sample.

Since there

was no difference in absolute placenta weight between the
highland and lowland samples, McClung's (1969) findings
suggest than an increase in placenta area without increasing
weight or volume may play a more significant role in fetal
oxygenation at high altitude than just an increase in
weight.

Possibly as a result of the increase in placental

area or of capillary area, it also has been shown that
placentas at high altitude are morphologically more often
irregularly shaped as opposed to their normal round or oval
configuration at sea level (Chabes et al. 1968).
It is inferred from the placenta-related studies that
this organ acts to mediate or reduce the intrauterine
effects of hypoxia at high altitude.

However, a more recent

study by Haas (1983) rejected a relationship between
placenta morphology, pathology, and biochemistry and reduced
birth weight at high altitude .

By comparing placenta struc

ture and composition in relation to birth weight among
highland and lowland Bolivian populations of both Indian and
non-Indian origin, Haas (1983: 203) concluded:

. . . gross placenta morphology and biochemical
composition are more sensitive to nutritional
variation in the mother than to altitude and that
these placental factors cannot account for reduced
birth weights at high altitude.
Since the placental alterations at high altitude may or
may not reflect adaptations to . enhance the flow of oxygen to
the fetus, clues to enhanced fetal oxygenation might be
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sought in the blood stream.

The majority of oxygen in the

blood is borne by hemoglobin in the red cells (Hytten and
Leitch 1971).

Postnatal adaptations of the blood at high

altitude normally involves marked polycythemia (enhanced
erythropoiesis) leading to increased hemoglobin concentra
tions and hematocrit values (Frisancho 1979).

By extension,

the pregnant mother and the fetus should increase the oxygen
carrying capacity in their blood.
Oski and Naiman (1982) have noted that maternal prob
lems during pregnancy (e. g. , cardiovascular disease, pre
eclampsia), which would deprive the fetus of oxygen, lead to
increased maternal hemoglobin concentrations and elevated
hematocrits in the cord blood , and to elevated proportions
of fetal hemoglobin in cord blood.

A recent study by Ballew

and Haas (1984) that controlled for parity and ethnicity
demonstrated that maternal hematocrit and hemoglobin concen
trations were greater among high altitude females from Boli
via.

They also showed that high altitude infants exhibit

higher concentrations of cord hematocrit , cord hemoglobin, ·

and fetal hemoglobin.

Some studies dealing with high altitude samples tend to

refute the contention that the oxygen-bearing factors of the
blood will exhibit proportionately greater values at high

altitude.

For example, Howard et al. (1957) and Sobrevilla

(1971; reported in Haas 1976) have shown that oxygen tension
and hematocrit values did not significantly differ between
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highland and lowland newborns.

However, Haas (1976) points

out that these findings could be in error because in both
experiments the cord blood was extracted during labor and
delivery w�en placental leakage could have occurred, and
labor-induced trauma could have affected the values.

Given

the spurious nature of these findings, more emphasis perhaps
should be placed on the Ballew and Haas (1984) study

which

demonstrates that the maternal and fetal oxygen-bearing
factors of the blood will display proportionately greater
values at high altitude .
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CHAPTER 4
DEVELOPMENTAL AND GENETIC CONSIDERATIONS OF
DERMATOGLYPHICS WITH PARTICULAR EMPHASIS ON
PALMAR VARIABLES
1. MORPHOGENESIS OF DERMAL RIDGES
While a number of early studies addressed the problem
of dermal ridge morphogenesis, Hale (19 49, 1952) is gener
ally credited with �eing the first to quantitatively measure
ridge development (Babler 19 78) .

In these studies Hale

(19 49, 1952) utilized light microscopy to analyze sections
of volar skin from the hands of a graded series of fetuses.
Later works utilizing light microscopy (Hirsch and Schwei
chel 197 3; Okajima 1975; Babler 19 78, 19 79) and electron
microscopy (Hirsch and Schweichel 197 3; Penrose and O ' Hara
19 7 3) essentially confirmed Hale ' s findings regarding dermal
ridge development.

Another study by Mulvihill and Smith

(1969) provides an excellent synthesis of dermal ridge mor
phogenesis based on evidence from the literature.

All.· these

studies are in fairly close compliance with each other
pertinent to the timing and mechanism of dermal ridge devel
opment.

The following description, unless cited otherwise,

essentially follows these works.
During the embryonic stage of the first trimester of
fetal life, cell growth is entirely hyperplastic and
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differentiates into three germinal layers:

the endoderm,

the mesoderm and the ectoderm (Vermeersch 19 77) .

At

approximately four weeks, the arm buds develop from the
bilateral trunk fold and grow in a ventrolateral direction.
By five weeks the upper -and lower arms develop in a
proximal-distal sequence, and the five digital rays of each
hand, resulting from mesenchymal cell proliferation, are
discernible.

Rich vascularization and enervation of the

tissues is also taking place at this time.

By six to eight

weeks, the mesoderm differentiates into cartilage and bone,
and the fingers begin separation due to mesenchymal degene
ration between the digits (see Figure 4, for a schematic
representation of epidermal and dermal structures) .
It is also during the sixth to seventh weeks that the
fetal volar pads of the hands appear.

The sequence of

development initiates in the second, third and fourth inter
digital areas, then continues, in order, to the central
palm, the digital apices, the thenar and hypothenar areas,
and finally to the midphalangeal area.

Hyperplastic cell

proliferation of the mesenchyme induces continued enlarge
ment of the pads until the 10th week.

Between the 10th and

12th weeks, the volar pads begin to regress in size, procee
ding at a rapid rate in the central palm, at a variable rate
in the thenar and hypothenar areas, and at a much slower
rate in the interdigital areas and the finger apices.
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Ridge ·

Fur.row
Fold

Figure 4.

Schematic Representation of Epidermal and Dermal
Structures (Modified from Penrose 1969: 4) .
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Formation of the primary ridges occurs between 10 and
12 weeks (60-70 mm crown-rump length) concomitant with the
beginning of volar pad regression.

While the epidermal

surface remains smooth, the primary ridges in the basal
epidermal layer (stratum basalis) begin to protrude into the
superficial layer of the dermis at the dermal-epidermal
junction.

The areas of the dermis between the protruding

primary ridges are called the dermal papillae.
Until approximately 15 to 17 weeks , the primary ridges
multiply in number and increase in breadth concomitant with
growth of the volar pad areas.

With the completion of

primary ridge formation, the anlagen (primordia) of sweat
glands are discernible at the point of deepest penetration
of the primary ridges into the dermis.

The primary ridges

are sometimes called sweat gland folds for this reason.
Primary ridge formation generally terminates at about
17 weeks .

Between the end of primary ridge formation and 25

weeks, furrow folds or secondary ridges form among the pri
mary ridges. · Their development at the epidermal-dermal

junction is . similar to primary ridge formation, but second
ary ridges do not have associated sweat gland anlagen.

Epidermal morphology of ridge configuration is not

complete until the sweat glands begin secretion and keratin
ization of the epidermal surface occurs.
the process is complete.

By the 25th week

Each surface ridge will correspond
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to the underlying primary ridges while the surface furrows
correspond to the underlying secondary ridges.
It must be noted that even though the volar pads first
appear in the interdigital areas of the palms, the sequence
of ridge formation with respect to the entire hand is of a
different order.

In general, ridge development begins on

the fingertips then proceeds proximally in a radio-ulnar 
gradient (Hale 1952; Babler 1978).
The above sequence of events provides a general over
view of the timing and development of dermal ridges.

How

ever, it is necessary to discuss in more depth what Loesch
(1983) considers the two main problems in the development of
the dermal ridge system:

(1) determination of the direc

tional alignment of the ridges during the period of morpho
genesis; and (2) the origin of the true patterns, the
arches, the loops, and the whorls.

Generally, hypotheses

dealing with the nature of ridge alignment and pattern
formation involve several critical factors.
It has been suggested that the size, elevation, and ·

symmetry of the volar pads are important factors that deter
mine ridge orientation and pattern formation (Cununins and

Midlo 1961; Mulvihill and Smith 1969).

With these ideas in

mind, Babler (1978) predicted that specific pattern types
would be developmentally dependent on early or late ridge
differentiation relative to pad regression.

In this study

involving spontaneous and elective , abortuses, Babler (1978)
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showed that whorls were associated with early ridge differ
entiation and arches with late ridge differentiation rela
tive to pad regression.
Bonnevie (19 29) suggested that patterns on the finger
tips may be influenced by the underlying arrangements of
peripheral nerves.

Along the same line of thought, Hirsch

and Schweichel (19 7 3 : 68) state :
• • • pecularly regular spatial arrangements of
vessel-nerve pairs under the smooth epidermis
corium border shortly before formation of the glan
dular folds must be interpreted as a morphological
indication that the folds in their regularity are
induced by these tissues.
Early on, Cununins (19 26) suggested that ridge formation
and alignment would depend on growth stresses occurring
during morphogenesis of hands and its structures.

Hale

. (1952 : 164) , while noting that the stratum intermedium origi
nates from the stratum basalis and that the primary ridges
appear after the stratum intermedium has reached a· critical
thickness, asserted that :
This thickness and associated increased resistance
may play a role in the establishment of basic
inequalities in growth between epidermis and der
mis, producing stress that stimulates activity of
basal cell layer.
Penrose (1965) suggested that ridge alignment occurs at
right angles to compressive forces and takes the shortest
course around the surface structures of the hand.

In

essence, ridges, construed as lines of curvature, follow the

43

greatest convexity of the volar pads ( Penrose and O'Hara
1973).

Another interesting hypothesis of ridge development has

been proposed by de Wilde ( 1979, 198 0).

Using evidence from

syndactylic hands, which result from the persistence of an
embryonic developmental stage, de Wilde ( 198 0) asserts that
since the continuity of epidermal ridges on connected fin
gers of syndactylous hands form one total ridge pattern,
then the normal development of the dermal ridges must be
viewed as one total system of development occurring before
spearation of the fingers.

In this system the thenar ridges

correspond to the basal phalanx of the index finger and form
a continuous ridge system with all the fingers.

The basal

phalanx of the thumb corresponds to the middle phalanx of
the other fingers.

Such evidence was also confirmed on

children's hands which apparently have fingers of approxi
mately equal length.

Adult continuity of the ridge pattern

ing across fingers would differ because of longitudinal
growth of the fingers and changes in the topography.

The most fascinating aspect of de Wilde's hypothesis is

the assumption that the development of ridge configuration

occurs before ectodermal differentiation, pos sibly as early
as the end of the seventh week of embryogenesis ( de Wilde
198 0).

If this is true, accor�ing to de Wilde ( 1979), the

form of the volar pads cannot determine ridge patterning;
probably the reverse is the case.
44

De Wilde (1980) further asserts that, during the early
handplate stage, a "stream" of embryonic fluid serving as
anlage of the ridges is governed by slight but, over time,
more progressive indentations of the plate.

The patterns

are formed by the ridge streams splitting. into pattern
"bundles" and "reduction cusps" (points of converging ridges
or bundles) . De Wilde (1980) notes that the direction of
ridge development . conforms to a radio-ulnar gradient.

As

confirmatory evidence that the developmental mode of the
ridges is compatible with the development of other embryonic
structures, de Wilde (198 0) cites a study by Elsdale and
Wasoff (19 76) that demonstrates similar developmental pat
terns for underlying fibroblast bundles.
In conclusion, it is clear from the above studies that
a number of factors play a role in the development of ridged
skin.

A sununary list of these factors includes development

of the embryonic hand-plate and separation of the fingers,
development of the glandular folds, stress factors·, curva
ture of topological features, and subsidence of volar pads.
The coordination and timing within and among these factors
are ultimately derived from genetic and environmental
influences which determine and alter growth.
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2.

•

HERITABILITY

Estimating Heritability
Estimates of the genetic contribution to the phenotypic
variance of quantitative dermatoglyphic traits are generally
determined via analysis of familial data.

Correlations

between family pairs reveal measures of hereditary likeness
or resemblance and may also be interpreted in terms of
Mendelian genetics (Holt 1968) .

If the variance of a quan

titative trait is due to perfectly additive genes (where no
dominance is in the system and no assortative mating and/or
environmental noise is assumed) then correlations between
family pairs should not significantly deviate from certain
expectations.
Under these assumptions, a correlation coefficient of
0. 5 would be expected for parent-child (EQ.) , sib-sib (ss) ,
A correlation of 1. 0 would be

and dizygotic (dz) twins.

expected for monozygotic (�) twins.

Midparental ( ffi2 )

values . (average measurement of both parents) should not
significantly deviate from an expected correlation of 0 . 71 .
I f the

E£,

ss, and m2 values approximate expectation, they

can be interpreted in Mendelian terms to reflect an additive
genetic system.

If the child value regressed on the m2

value significantly deviates from linearity, dominance in
the system is suggested dominance in the system.

Among �

twins a significant deviation of the correlation coefficient
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from the expected value of 1. 0 suggests environmental
effects during development of the character.
Loesch (198 3: 149) notes that:
. • . evidently familial correlations cannot be
considered an exact measure of hereditary likeness,
as they tell us merely the degree of resemblance,
in the actual population studied, between given
pairs of relatives.
For this reason a variety of estimates of heritability
utilizing correlations or variances have been devised to
essentially assess the proportion that additive genetic
variance contributes to the total phenotypic variance
(Loesch 198 3) .

One traditional approach is that of Falconer ·

(1960) who derived the following formula:
2
V /V = h
a
P

represents the total additive variance and V
where V
. a
P
represents the total phenotypic variance. Another of the
common approaches is the estimate of heritability derived by
Penrose (19 71) :
h

2

= 4r

ss

- 2r

.EQ.

where � represents the respective correlation cbeffecients
for ss and .EQ. pairs.

In theory, Penrose ' s estimate should

be free of dominance and environmental effects, and values .
should vary between O and 1.
Twin studies have also proven extremely useful for
estimating heritability.

Variance within and between mz
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pairs is analogous to total phenotypic variance while the
same among dz pairs reflects additive genetic variance.
Thus the within-pair F variance ratio, F

=

the between-pair F variance ratio, F = B
commonly used to assess heritability.

W

/W , and
dz mz
,-have been

/B
dz mz
Eitheror both of

these values can be compared to a standard

r

distribution to

determine whether heritability significantly contributes to
trait development (Loesch 1983) �

This model can be conven

iently extended into a multivariate generalization (see Bock
and Vandenburg 1968).
Familial Correlations and Estimates of Heritability for
Palmar Variables
A recent study by Jantz et al. (1984) utilized the
multivariate model of Bock and Vandenburg (1968) to derive
intraclass correlation coefficients and to obtain a genetic
covariance matrix for the purpose of assessing heritability
among 141 pairs of m!. twins and 110 pairs of dz twins.

In

this study , heritability estimates revealed that the palmar
interdigital ridge-counts have lower values than finger
pattern ridge-counts.

The suggestion that the genetic .

influence on palmar variables is less than on fingers has

been supported by other studies dealing primarily with pat

terns of the palms (Mukherjee 1966; Loesch 1971; Reed et al.
1975), but also with interdigital ridge-counts (Fang 1950,
cited in Holt 1968; Glanville 1965; Roberts 1979).

Indica

tions of less strict genetic control on the palms probably
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relates to the rate and timing of ridge formation.

It will

be remembered that palmar ridges emerge later than ridges on
the fingertips.
A

number of studies have assessed familial correlations

for interdigital ridge-counts (see Loesch 198 3 : 370-371, for
a comprehensive listing of these values and their sources) .
What is revealed by these studies is a basic inconsistency
in the obtained coefficients due to differences in sample
sizes, the utilization of different interdigital areas, the
summation of right and left counts, and different combina
tions of familial pairs (Loesch 198 3) .

For example, Fang

(1950) utilized combined right and left a-b counts among
British subjects and reported coefficients of 0. 23 for
mother-child (!!!£) , 0. 24 for father-child (fc) , 0. 23 for EQ.,
and 0. 43 for midparent-child (mpc) .

Pons (196 4) conducted a

similar study among Spanish subjects utilizing the combined
a-b counts.
and

a . so

(1950) .

The correlations of 0. 31 for me, 0. 6 8 for fc,

for E£. are all higher than those reported by Fang
Holt (1968) possibly attributes this discrepancy to

the smaller Spanish sample (roughly half the number of . pairs
utilized by Fang) or to Pons' use of a different counting
method when an accessory � triradius was present; however,
the latter possibility would have been a significant factor
only if the Spanish sample had a considerably higher fre
quency of this trait.
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Taking the three interdigital areas separately, Rogucka
et al. (19 71) calculated correlations between me, fc, and
Correlations among me and fc,

mpc pairs for both hands.

pairs were highest for the left a-b count (r = 0. 35) of fc.
and were lowest (r = 0. 13) for right c-d of the me pair;
other values for different variables ranged in between these
values.

Correlations for mpc pairs ranged between 0. 46 for

right a-b and 0. 33 for right c-d.
Pateria (19 7 4) utilized the combined right and left
counts from each interdigital area and assessed correlations
for mpc and other pairs among a sample of Brahmans from
Central India.

Mpc correlations of 0. 6 3, 0. 6 7, and 0. 69,

were obtained for the a-b, b-c, and c-d counts, repectively.
Correlations among twins have been obtained by Rogucka
�

et al. (19 71) for a Polish sample and by Pena et al. (19 7 3)
for a Brazilian Caucasian sample.

The former study consid

ered both hands while the latter study considered combined
counts.

Pena et al. (19 7 3) reported correlations of 0. 77,

0. 7 2, and 0. 7 2, for the a-b, b-c, and c-d counts, respec
tively, among mz twins.

With the exception of left a-b (r =

0. 59) , . Rogucka et al. (1971) showed remarkably similar
values among mz twins for each hand.

Loesch (198 3) reports

a correlation of 0. 77 among 110 pairs of Polish mz twins for
the combined a-b count.
Estimates of heritability of interdigital counts have
2
also been assessed. For example, Penrose ' s h , calculated

so

from the pc and ss correlations of Fang (1950) and Pons
(196 4) , are 0. 58 and 0. 86 , respectively, for the combined a
b count (Loesch 198 3) .

Rogucka et al. (19 71) , utilizing a

different estimate of heritability based on variances, cal 
culated coefficients of 0. 75, 0. 53, and 0. 70, for a-b, b-c,
and c-d counts, respectively, on the left hand, and values
of 0. 76, 0. 69, and 0. 70, for the respective counts on �he
right side.
Twin studies generally show similar estimates of heri2
tability. For example, Pena et al. (19 7 3) obtained h
values of 0. 71, 0. 70, and 0. 66, for the combined a-b, b-c,
and c-d counts, respectively, among mz pairs.

Apparently,

Loesch (198 3) recalculated the reported values of Rogucka et
N

al. (19 71) and Pena et al. (19 7 3) by using Falconer ' s for2
mula and found even higher values for h .
The within-pair F variance ratio .has been calculated
among Brazilian Caucasian samples by Beiguelman and Pinto
�

(19 71) and Pena · et al. (197 3) .

The former study utilized

only combined a-b counts and the latter study utilized
combined counts from each of the three �nterdigital areas.
All F values reported in these studies were highly �ignifi
cant.

Loesch (198 3) also reported significant

f

values for

the combined a-b counts among males and females in her
Polish sample.
In sum, the above studies generally indicate that an
additive genetic system is responsible for the variability
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of the lnterdigital ridge-counts (Loesch 198 3) .
Holt (1968) notes that Fang's

EQ.

However,

correlation for · the com

bined a-b count is slightly lower than the ss correlation,
and the regression of child on !!!E significantly deviates
from the linearity, thus possibly indicating dominance in
the system.

If this is the case, it is certainly contrary

to the suggestions of most other researchers.

It is also

important to note that the familial correlations and the
estimates of heritability for interdigital ridge-counts
clearly demonstrate that non-genetic factors significantly
contribute to the phenotypic variability of these charac
ters.
Loesch (198 3) questions whether summing ridge-counts
may not be masking genetic variability in each of the inter
digital areas.

In this regard, correlations between hands

for each of the areas may possibly yield important informa
tion (e. g. , see Hirth et al. 198 4) .

However, Loesch

(198 3: 185-186) states:
The evidence for phenotypic intercorrelations
between the three counts cannot, alone, solve this.
problem. Clearly, more efficient methods should be ·
applied, in particular those of genetic analysis of
covariation between the three variables . . • •
The twin study of �antz et al. (198 4) is exemplary in this
regard.

In this study the genetic covariance matrices for

interdigital ridge-counts were converted to correlation
matrices and then subjected to principal factor analysis
with varimax rotation.

Three factors accounting for the
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total genetic variability emerged.

The factors clearly and

unambiguously related to the respective a- b, b-c, and c-d
counts.·

Studies dealing with interdigital distances are few in
number, but the available sources generally show that heri
tabilities are low.

For example, Loesch (198 3) showed that

heritabilities for combined intertriradial distances among
her Polish twin samples did not significantly differ_ from
zero; the genetic variance and the' within-pair F variance
ratio were also nonsignificant.

Correlatioris within twin

classes were roughly comparable for the three distances
among m! and dz twins.

For the mz twins these correlations

are 0. 47, 0. 52, and 0. 53, for. the a-b, b-c, c-d distances,
respectively.

For the dz twins these values are 0. 6 3, 0. 78,

and 0. 54.
Ridge breadth of the palmar interdigital . areas is
determined by dividing the interdigital ridge-counts plus
one· into the respective intertriradial distances.

Conven

tionally, the combined right and left ridge breadths are
considered for analysis, and usually ridge breadth of just
the a-b area is assessed.

Loesch (198 3) presents evidence

for the heritability of a-b ridge breadth among her Polish
twins.

Within mz and dz twin classes, correlations of 0. 7 7
2
and 0. 51, respectively, yielded an h of 0. 52. The withinpair

r vriance

ratio was also significant.

She notes that

these values are lower than those for the a-b count, but
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this should be expected because ridge breadth is depepdent
not only on ridge-count but also on the virtua�ly non
heritable intertriradial distance (Loesch 198 3) .
The atd angle is defined as "the angle subtended at the
most distal axial triradius by the most medial �· triradius
and the most lateral � triradius'' (Holt 1968: 8 5) .

The

earliest studies dealing with inheritance of the atd angle
are those of Penrose (19 49 , 1954) .
among British subjects for

E£ ,

0. 37 , and 0. 6 3 , respectively.
(Penrose 1954) .

Familial . correlations

ss , mz twin pairs were 0. 29 ,
H . was assessed at 0. 90

Loesch (198 3) points out that Barnicot et

al. (197 2) and Rashad and Mi (19 76) found significantly
lower correlations among familial pairs in their respective
' 2
African Hadza and Hawaiian samples. H in the Barnicot et
al. (19 7 2) study was estimated to be 0. 48.

This is consid- ·

erably lower than the value reported by Penrose (1954) .
Pena et al. (19 7 3) used a variance formula to estimate
heritability among mz and dz twin pairs and obtained a value
of 0. 8 4.

The within-pair F variance ratio was also highly

significant.
3. THE INFLUENCE OF SEX CHROMOSOMES ON DERMAL
.

RIDGE DEVELOPMENT

It has been stated that sex chromosome anomalies gener
ally do not affect dermal ridge development as drastically
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as autosomal abberations (Holt 1968; Schaumann and Alter
1976; Loesch 1983).

Loesch (1983) notes · that autosomal

aberrations are primarily represented by a distortion in
frequency distribution of patterns in certain areas while
sex chromosome anomalies more commonly affect metrical char
acters such as pattern siz e and ridge breadth.
Sex chromosome abberations include aneuploid conditions
in which more or fewer X and Y chromosomes are present in
the genome.

Well-known phenotypic syndromes include

Turner 's (XO) and Kiinefelter ' s (XY with additional X 's or
Y 's, XXY being the most common).

Phenotypically, Turner

patients are females that are short in stature and exhibit
infantile external genitalia, ovarian dysgenesis, and a
characteristic webbing of the neck (Schaumann and Alter
1976).

Klinefleter patients are phenotypically male and

exhibit unusually long limbs, underdeveloped testicles, and
sparse body hair (Schaumann and Alter 1976).

Females that

are polysomic for the X chromosome do exhibit a particular
phenotype, · although there is variability in other associated

developmental disorders (Schaumann and Alter 1 976).

Associated effects of sex chromosomes on dermatoglyphic

characters have been found on the fingers and palms.

On the

fingers, total ridge count (TRC) is reduced as the number of
sex chromosomes increases, the X having a greater effect
than the Y (Penrose 1967).

As TRC is dependent on pattern

type and size, it follows that more arches and fewer loops
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and whorls might be expected as the numbers of chromosomes
increase.

Holt and Lindsten (1964) reported increased fre

quencies of large whorls among XO patients.

Saldana-Garcia

(1975) demonstrated higher frequencies of loops and arches
among XXX females as opposed to normals.

Normal males and

females conform to expectation with males having a higher
TRC and a higher frequency of whorls· (OWsley 1978).

Schau

mann and Alter (1976) showed an increased TRC among Turner
patients although the pattern-type frequency approximated
controls.

Their conclusion was that the increase in TRC

among Turner patients was attributable to an increase in the
size of the pattern rather than an increase in more complex
patterns (Schaumann and Alter 1976).
What becomes obvious from these studies is that little
attention has been paid to interfinger diversity in the size
and distribution of the finger patterns.

In a recent study,

Jantz et al. (1981) used discriminant analysis to address
this problem among German Turner patients and controls.
They found that while the Turner patients indeed have higher

ridge-counts, the distribution of the counts are not uniform
from finger to finger.

With repsect to sex chromosome influences on pattern

frequencies of the palms, Turner patients exhibit higher
frequencies of large patterns.

This is especially true for

hypothenar patterns and possibly so for thenar patterns
(Holt 1968 ; Schaumann and Alter 1976 ; Loesch 1983).
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Often associated with large hypothenar patterns is a
distally displaced axial triradius (t) .

If the atd angle is

considered to be representative of the relative position of
the � triradius, then expectations for Turner patients would
be large maximal atd angles (right plus left) .
reported a mean angle of 105. 2
0

compared to 85. 0

for Turner patients as

for normal British males and 85. 9

normal British females.
0

Holt (196 3)

0

0

for

Schaumann and Alter (19 76) report
0

values of 100. 5 , 90 . 5 , and 98. 5 , for the XO, XXX, and
XXXX patients, respectively. · In general the atd angle for

Klinefelter patients differs only slightly from controls
(Holt 196 3; Schaumann and Alter 19 76) .

The most notable variation of the palms attributable to
sex chromosome influence is seen in the a-b interdigital
area.

Holt (196 3 ) reported mean summed a-b ridge counts of

95. 7 for Turner patients, 85. 5 and 84. 9 for male and female
controls, and 80. 3 for Klinefelter patients.

Hunter (1968)

found that the value of 8 5. 1 for Klinefelter patients was
significantly lower than controls.

Penrose and Loesch

(1967) found highest values for Turner patients (9 3. 3) �
Schaumann and Alter (19 76) reported values of 89. 5 and 79. 9
for Turner patients and Klinefelter patients, respectively.
A perusal of various populations (see Jantz and Webb 198 2)
shows that normal sex differences are slight and that the
interpopulational variation for mean summed ridge-counts of
the a-b area has a limited range (between 75 and 8 5 ridges) .
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Ridge breadth in the a-b interdigital area shows a
remarkable correlation with variation of sex chromosome
number.

As stated previously, a-b ridge . breadth is depend

ent on the count relative to the intertriradial a-b dis
tance.

Females generally have smaller distances than males,

yet the ridge-counts are virtually the same.
females must have finer ridges than males.

Ostensibly,
Ohler and Cum

mins (1942) reported similar findings for finger ridge
breadth among Euro-Americans.
Although other studies have addressed the question of
variability of a-b ridge breadth among sex aneuploid
patients (e. g. , Hubbell et al. 1973; Saldana-Garcia 1975),
the most definitive work in this area is that of Penrose and
Loesch (1967) .

Ridge breadth, reported in micrometers,

showed a general tendency to increase as the number of sex
chromosomes increased .

The mean ridge breadth of 486 micro

meters for Turner patients· was the lowest and it signifi
cantly differed from all other types.

Mean ridge breadth

for control males did not significantly differ from other

Klinefelter types, although a tendency for wider ridges
among the aberrant males was revealed.

Penrose and Loesch

(1967) suggested that, because males have wider ridges than

females, the Y chromosome has more influence on ridge
breadth than the X chromosome.

Futhermore, they suggested

that single additional chromosomes have more effect ·than
multiples of sex chromosomes.
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Penrose and Loesch (1967) also note a positive rela
tionship between ridge breadth and body size and stature.
Though unstated in their study, a positive relationship of
body dimensions with hand size could be inferred.

Thus, the

wider ridges of males may be somewhat attributable to their
larger size.

To reiterate, the lowest ridge breadth value

was reported for Turner patients who are unusually short.
Hecht (19 24) and Cummins et al. (19 41) reported tendencies
for wider ridges relative to increased body size.

Rothham

mer et al. (198 2) found small but significant positive
correlations between a-b ridge count and finger length, hand
width and length, and stature in a sample of 105 unrelated
adults.

A recent study by Eblen (198 4) showed that, among

Armenians and American Whites, ridge breadth was signifi
cantly correlated with various body dimensions including
wrist breadth, weight, stature, and anthropometric measure
ments indicative of bone, fat, and muscle composition.
Using partial correlations, she determined that the bone
component, especially transverse dimensions, contributed
significantly to ridge breadth variation.
Exactly how. fewer or additional sex chromosomes affect
the development of dermal ridges is unclear.

However, a

general trend is that as the number of sex chromosomes
increases a concomitant decrease in ridge development is
noted.

Barlow (19 7 3) suggested that heterochromatin, espe

cially for the X chromosome, decreases the rate of mitotic
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cell division leading to reductions in volar pad size.

This

would explain why Turner patients exhibit higher ridge
counts since they are deficient of an X chromosome.
Penrose (1967) suggested that the fluid content of the
cells is influenced by sex chromosomes such that an inverse
relationship exists between increasing numbers of sex chro
mosomes and decreasing cell size.

As Schaumann and Alter

(1976:172) state, " · • • larger fat pads yield larger sur
face area, requiring more ridges to cover the area during
embryogenesis. "

Turner patients are noted for prenatal

edema (Penrose 1967).
Mittwoch (1969) has postulated that the Y chromosome is
most responsible for regulating developmental rates.

In

essence, males have a higher rate of cell proliferation and
it is the Y chromosome that determines sex through accelera
tion of male gonadal development.
Finally, Jantz and Hunt (n. d. ) recently suggested that
sex chromosomes influence dermatoglyphic development by
controlling tissue sensitivity to fetal sex steroids.

This

hypothesis seems to have validity, and it could also c�r

tainly explain differentiation of the sexes during embryo

genesis.
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4.

OTHER GENETIC AND ENVIRONMENTAL CONSIDERATIONS OF
DERMAL RIDGE DEVELOPMENT

Genetically Uncertain Disorders
The dermatoglyphic literature is rife with studies
comparing controls and patients that have a variety of
congential defects, diseases, and even psychological disor
ders.

Such studies involve structural chrom�omal aberra

tions (e. g. , Cri-du-Chat Syndrome) , single gene disorders
and other metabolic disorders (e. g. , diabetes mellitus) ,
blood disorders (e. g. , leukemia) , psychological disorders
(e. g. , schizophrenia) , neurological syndromes (e. g. , Hunt
ington ' s chorea and epilepsy) , certain types of carcinoma,
rheumatic diseases, congenital defects such as deafness and
blindness, and a wide variety of multifactorial congenital
disorders (e. g. , spina bifida, heart defects, and orofacial
clefts) (see Schaumann and Alter 19 76· ; and Loesch 198 3, for
more detailed descriptions of these conditions) .

Loesch

(198 3) correctly notes that failure to find consistent
trends in dermatoglyphic patterning is due not only to,· the
fact that limbs usually are not directly affected, but �lso
to unrepresentative samples, improper statistical evaluation
and interpretation,

improperly matched affected and control

groups, and lack of uniformity in measurement and
classification techniques.
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Despite these problems, at least some of the disorders
may effect a general disturbance in overall fetal growth
thus influencing the developmental rate of dermal ridges.
As OWsley (1978:36) states:
The underlying theme • • • rests on the assertion
that dermatoglyphics are not isolated phenomena.
They are influenced by rates of growth and envi
ronmental factors affecting overall fetal develop
ment.
The idea that dermatoglyphic development may be part of
a general developmental scheme perhaps can be supported by
communalities of dermatoglyphic characters with other fea
tures of fetal growth.

Certainly Eblen ' s (1984) conclusions

regarding ridge breadth and an�hropometric variables, espe
cially pertaining to bone development, are suggestive of
synchronized patterning in fetal growth during embryogene
sis .

Also, Webb (1977) demonstrated significant correla

tions of dermatoglyphics with the size of the permanent
dentition.
The most revealing series of studies in this regar� are
those of Babler (1978, 1979, 1980, 1981, 1983, 1985) which
deal with spontaneous and elective human abortuses.

Sponta

neous abortuses might be presumed to have had some form of

intrauterine disruption caused by environmental factors or
to undetected congenital disorders.

In a sample of 65

abortuses (43 spontaneous, 22 elective) Babler (1979) deter
mined that epidermal ridge growth at the earliest stage of
development could be divided into three basic components:
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•

( 1) primary ridge depth ( penetration into the dermis) ; ( 2)
primary ridge width ; and, ( 3) interridge distance ( the
amount of dermis between adjacent primary ridges) .

Surface

ridge breadth is determined by adding the latter two dimen
sions. · Comparative results showed that spontaneous abor
tuses have later ridge maturation and show decreased ridge
depth than do elective abortuses.

These findings coupled

with the results of an earlier study by Babler ( 19 78) that
showed higher frequencies of arches among spontaneous abor
tuses suggest that dermatoglyphics may indeed reflect over
all fetal developmental disruption.

Additionally, Babler

has reported conununalities between some of the forementioned
dermatoglyphic variables and other developmental structures
including skeletal and dermal dimensions of the hand ( Babler
1980) , and developing primary tooth germs ( Babler 198 1,
1985) .
Developmental Stability and Asymmetry
Another consideration that relates to the interaction

of· genetic and environmental factors as determinants of

fetal growth is the developmental stability of organisms.
On a population basis, stabilizing selection may act to
either delete from the gene pool extreme genotypes and/or
retain certain regulatory genotypes that essentially buffer
the organism from deleterious environmental and effects
( Jantz 1980) .

According to Waddington ( 1957) , the former
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type of stabilizing selection is called normalizing and the
latter is called canalizing.
A useful measure of developmental stability is the
degree of asymmetry between homologous structures on each
side of the body.

Asymmetry may be directional with a

consistent bias in favor of one side of the body relative to
the other, or it may fluctuate from one side to the other.
In theory, organisms, may be considered bilaterally �ymme
trical.

Minor deviations from normality in development may

lead to fluctuating asymmetry, thus suggesting that the
organism has not proceeded along a normal pathway of devel
opment ( Van Valen 196 2 ; Soule 196 7) .

As such, the degree of

fluctuating asymmetry may reveal how well and to what degree
an organism is buffered or canalized from deleterious gene
tic or environmental factors ( Mather 1953; Thoday 19 58;
cited in owsley 1978) .
It must be noted that others ( e. g. , Reeve 1960) have
questioned the relationship between canalization and fluc
tuating asymmetry. · Jantz and Webb ( 1980) addressed this
problem by observing the distribution of fluctuating asymme
try of the a-b ridge-count among American White males and
females.

They hypothesized that, on a population basis,

extreme phenotypes in a normally distributed range of varia
tion may "represent individuals inadequately buffered
against developmental upsets" and should be more asymmetric
than those closer to the mean of normal variation ( Jantz and
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Webb 1980:489).

Using regression analysis, they showed that

minimum asymmetry was five ridges a.bove the mean for females
and eight ridges below the mean for males, which is in
general agreement with expectations.
The influence of environmental factors on the degree of
fluctuating asymmetry has been addressed in a number of
studies dealing with dental variation (e. g. , Garn et al.
1966, 1967; Bailit et al. 1970; Suarez 1974; Doyle and
Johnston 1977; Perzighian 1977; Barden 1980).

These studies

have generally supported an hypothesis that "antimeric vari
ance does not reflect direct action of stabilizing selec
tion, but rather degree of environmental ·influence with
genie expression" (Doyle and Johnson 1977:132).
Environmental factors have also been demonstrated to
influence fluctuating asymmetry of dermatoglyphic charac
ters.

Both Parsons (1973) and Oliveira (1978) have demon

strated increased asymmetry of dermatoglyphics among later
born offspring and individuals born to older mothers.

Singh

(1970) has noted rather low familial correlations for finger

ridge-count asymmetry.

These dental and dermatoglyphic studies of humans that

suggest exogenous stress effects as causation for fluctuat

ing asymmetry are seeming corroborated by experimental stud
ies on fruit flies (e. g. , Thoday 1956; Beardmore 1960) and
rodents (e. g. , Siegel and Doyle 1975; Siegel et al. 1977).
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While a convincing argument may be made favoring exogenous
stress, one might wonder what role the genes play in deter
mining developmental stability and at what level of popula
tion genetics h�ve the most effect.
Heritability type studies dealing with dental fluctuat
ing asymmetry have not readily demonstrated a strong herit
able component relevant to inbreeding effects (Niswander and
Chung 1965; Bailit et al. 1970), twin relationships (Potter
and Nance 1976), or intrafamilial relationships (Townsend
and Brown 1980).

However, Dibennardo and Bailit (1978)

rejected stress factors as causation for fluctuating asymme
try among healthy Japanese children.
On an interpopulation level, particularly with repsect
to racial variation, a genetic component cannot be ruled
out.

Baume and Crawford (1980) felt that variation in

dental asymmetry of discrete traits, which may be geneti
cally controlled, among Afro-Belizeans and Mexican groups is
at least partially due to genetic influences.

Jantz (1975,

1979) has compared fluctuating asymmetry of finger ridge

counts among a wide variety of populations.

He consistently

showed that Black Africans were less asymmetrical than Cau

casian populations of European and Euro-American extraction.
By his reasoning, it was difficult to suppose that Black

Africans would be less stressed than the Caucasian groups.
More recently, Jantz and Webb (1982) observed interpopula
tion variation of fluctuating asymmetry for the a-b
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ridge-counts and came to essentially the same conclusions
for this trait.
Some dental studies have suggested that, in terms of
developmental stability, females exhibit less fluctuating
asymmetry than males (Garn et al. 1966, 1967).

This presum

ably implies a regulatory function of the X chromosome.
Dermatoglyphic studies utilizing finger ridge-counts (Jantz
1975, 1979) and a-b ridge-counts (Jantz and Webb 1982) are
equivocal in this regard,

the patterning between sexes in

different populations varying considerably.
Certainly at the racial level the evidence strongly
favors a genetic component for developmental stability, that
is, if fluctuating asymmetry is considered to be an adequate
measure of this factor.

How exogenous stress and the

influence of the sex chromosomes enter into the equation at
this point is unclear.
Another factor that may or may not have some bearing on
developmental stability, but certainly relates to sequential
development of dermal ridges, is directional asymmetry.

To

reiterate, directional asymmetry implies a systematic bias
favoring one side of the body over the other.

Corballis and Morgan (1978) suggested � left-right

maturational gradient in terms of handedness, cerebral
laterality, and other biological structures.

It appears

that sex has an influence on directional asymmetry.
Mittwoch (1976) has shown the right human fetal gonad
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contains more DNA and protien than the left and that this
difference is more marked in females (Rostron and Mittwoch
1977).

Contrary to Corballis and Morgan (1978), Mittwoch

(1976) is suggesting a right-left maturational gradient.

As

for dermatoglyphics, there is little doubt that sex chromo
somes affect development; however, it has not been categori
cally established that one hand systematically precedes the
other in development.
5.

POSSIBLE HYPOXIC EFFECTS ON DERMATOGLYPHIC DEVELOPMENT
In the previous Chapter (3), studies pertaining to

fetal hypoxia at high altitude were discussed.

Although

somewhat equivocal, the evidence generally suggested �hat
hypoxia influences fetal development.

However, it is diffi

cult to extrapolate the information pertaining to birth
weight, placental variation, and the oxygen-carrying capa
city of the blood �nd then apply it to the development of
dermal ridges.

The difficulty arises when one considers the

time during gestation that ridge formation occurs.

While

the dermal ridges are formed during the first trimester, at
ten weeks of gestation the average normal fetus only weighs

about five grams as opposed to over 2500 grams at birth

Placenta weight is only about 20

(Hytten and Leitch 1971).

grams at ten weeks compared to 650 grams at 40 weeks (Hytten
and Leitch 1971).

In this vein, Haas et al. (1977) observed

measures of body size (weight, crown-heel length, lower limb
68

length), body composition (triceps and subscapular skin
folds, and brachia! fat cross-sectional area), an4 skeletal
development (humerus compact bone) among highland and low
land Peruvian Indians and Mestizos and found significant
reductions at high altitude.

Haas et al. (1977: 611) con

cluded:
It is suggested from these data that most of the
fetal growth disruption at high altitude occurs
during the last trimester of gestation when fat
deposition and limb growth are most notably affec
ted.
If the above suggestion by Haas et al. (1977) is accep
ted, one might question whether hypoxia could affect the
development of the dermal ridges during the first trimester.
on the other hand, more recent studies by Haas et al. (1982)
and Ballew and Haas (1985) have inadvertently provided pos
sible supportive, though indirect, evidence that dermal
ridge development could be �ffected by hypoxia, even though
these studies pe�tained to the inhibition of cellular growth
of skeletal and fatty tissues late in gestation.

Haas et

al. (1982) conducted a longitudinal study utilizing similar
measurements among healthy, well-nourished highland and

lowland Bolivian infants and found significantly greater

triceps and subscapular thickness measurements in the high
land group, despite their smaller length anq weight.

In

citing several in vitro studies (e. g. , Shaw and Basset 1976;
Gordon et al. 1977; Kittlick 1977) showing an inhibition of
skeletal cell growth and protein synthesis and an increase
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in cell lipid/ cell protein ratios · and cellular free fatty
acid content, Haas et al. (198 2: 261) hypothesized:
Increased fatness at high altitude results from
suppressed cellular growth which leads to an excess
energy being diverted from cell division and main
tenance to fat reserves.
Ballew and Haas (198 5) compared newborn body composition
among highland and lowland Bolivian infants and, controlling
for ethnicity and parity, again showed that the highland
infants were significantly fatter despite their smaller
size.

Ballew and Haas (1985: 142) conclud�� that:

These results suggest that the effect of high alti
tude on fetal growth varies according to the tissue
examined. The enhanced accumulation of subcutan
eous fat among the high altitude infants indicates
that fetal undernutrition is not likely to be the
primary cause of reduced fetal growth at high alti
tude. The result further suggests that hypoxia may
affect the human fetus by depressing the growth of
mitotically active tissues, but not the growth of
facultatively hypertrophic tissue such as subcutan
eous fat.
It should be remembered that formation of the dermal
ridges occurs during a period of very active mitotic cell
proliferation.

Therefore, it seems . reasonable to suppose

that the rate of development of_ mitotically active tissue
during the first trimester could be affected by hypoxia in a
similar manner as the rate of development of mitotically
active tissues late in gestation.

Given the previous evi

dence in this chapter supporting genetic and other environ
mental influences on dermal ridge development, this supposi
tion appears most tenable.
70

Because the vulnerability of the

fetus to environmental stresses during the first trimester
has been well-documented, hypoxic effects during this early
period of gestation �hould also receive careful considera
tion as an influential factor for altered intrauterine. deve
lopment.

The ensuing comparative analysis of palmar derma

toglyphic characters among highland and lowland natives thus
would lend credence to an hypothesis of increa�ed hypoxic
effects early in gestation if significant differences are
revealed.
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CHAPTER 5
MATERIALS AND METHODS
SAMPLES

1.

Under the direction of Dr. A. Roberto Frisancho of the
University of Michigan , dermatoglyphic hand prints of 6 9 7
Quechua individuals from highland and lowland Peru were
obtained by the Faurot inkless method.

Out of the 6 9 7

individuals , 607 yielded some dermatoglyphic information
utilized in this study.
The highland sample of 352 individuals from the town of
Ondores in the province and department of Junin is comprised
of 153 males and 153 females.

The lowland sample of 345

individuals from the village of Pamashto in the province of
Lamas and the department of San Martin consists of 139 males
and 16 2 females.

An age distribution for three categories

is presented in Table 1.

The highland sample predominantly

consists of juveniles and adolescents.

The lowland sample

has a relatively more even distribution of juveniles , ado
lescents and adults.

Except for the 18+ age category in

both highland and lowland groups , the sexes are ·fairly
evenly distributed �
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Table 1.

Distribution of Samples by Sex and Three
Age Categories.
Highland

Lowland

Male

Female

Male

Female

10

62

69

24

23

10-17

83

82

59

60

2

56

79

153

139

16 2

Age Category

18 +
Total

_
· 8_

153
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2.

VARIABLES

The variables utilized for analysis include interdigi
tal ridge-counts, a-b ridge breadth, the maximal atd angle,
and asymmetry of ridge counts.

The computation and analysis

of a-b ridge breadth and the maximal atd angle depend on
certain measurements taken between points on the palms.

In

addition to the other variables, these measurements are
described below.

All ·raw data (interdigital ridge-counts

and the measurements) were obtained by the author.
Interdigital Ridge-Counts
Four Triradii (�, � ' £, and g) are located at the base
of each finger.

A-b, b-c, and c-d interdigital ridge-counts

between the points were obtained according to the method
prescribed by Holt (1968) .

This method consists of counting

the number of primary ridges cutting across or touching a
straight line between the triradial points.
points are not included in the count.

The triradial

The three ridge�

counts on each palm are hereafter designated as LAB, LBC,
and LCD for the left hand, and RAB, RBC, and RCD for the
right hand (see Figure 5) .
Sometimes the � triradius is duplicated and, following
Holt's (1968) suggestion, the triradius nearest the radial
border of the hand was used.

This only occurred in a few

cases among the samples used in this study.
Another feature of the interdigital triradii to
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Figure 5.

The Interdigital Ridge-counts of the Palms
(Modified from Holt 1968: 16).
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consider is the presence of a missing c triradius.

Since

the absence of the c triradius obviously interferes with the
counts and measurements associated with this point, it might
be suggested that individuals posessing this trait be
deleted from the sample.

However, doing this among popula

tions that have a relatively high frequency of the trait,
such as the Quechua (Table 2) , could radically affect over
all . sample size .

A better alternative is to estimate the

position of the c triradius as suggested by Baitsch and
Schwarzfischer (1959) .

This method consists of placing a

point eleven ridges below the midline of the flexion crease
at the base of the fourth digit.

This technique was

employed in this study in that it allows retention of indi
viduals possessing a missing £ triradius.
Measurements
Measurements between designated points on the palms are
shown in Figure 6.

Measurements between the four interdigi

tal triradii are designated LABX, _LBCX, and LCDX for the
left hand , and RABX, RBCX, and RCDX for the right hand �

In

order to provide a relative control for growth. in width of
the hand and to facilitate computation of the atd angle, a
measurement between triradii � and d was taken (designated
LADX and RADX, for left and right hands, respectively) .

To

control for longitudinal growth of the hand and again faci
litate computation of the atd angle a measurement was taken
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Table 2.

Bimanual Frequencies of Missing c Triradii among
the Highland and Lowland Samples. *

Group

Total
N

Left Right
Only Only

Left Plus
Right

% of Total
with Missing
C

125

11

6

18

28 . 0

Highland Female

144

13

8

21 . 5

Lowland Male

113

10

10

7

10

23 . 9

Lowland Female

142

8

6

21

24 . 6

Highland Male

*Only includes individuals that were diagnostic for both
hands .
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between the axial triradius (�) and a point (£) on the ADX
The line between t and E (designated TPX) is perpen

line.

dicular to ADX.

A third measure that facilitated computa

tion of the atd angle is the distance between triradius· a
and E (designated APX) .
Descriptive statistics of the raw data are presented in
Sample sizes vary among the respective variables

Table 3.

because of missing information on certain individuals.
A-B Ridge Breadth
As previously noted, ridge breadth (measured in micro
meters) of the a-b interdigital area is computed as the
distance between the a-b interval divided by the a-b count
plus one.

In most studies concerning a-b ridge breadth

(hereafter designated BRAB) the right and left values are
combined (e. g. , Penrose and Loesch 196 7; Jantz and Parham
19 78) .

In this study the computational formula is there

fore:
BRAB

( LABX + RABX )

= --------------( LAB + RAB + 2 )

It must be noted that what is actually measured - is interfur
row breadth since it is virtually impossible to accurately
obtain actual ridge breadth from prints.

In this sense, the

variable is more of a measure of ridge density rather than
ridge breadth (Jantz and Parham 1978) .
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Table 3 .

Means and Standard Deviations of Raw Variables .

Male

--

�-

-- -

Fe.le_

�- ...!•

Lowland
Female

s . o.

Mean

S . D.

N*

Mean

S.D.

N*

Mean

5 . 52

I!*

122

44 . 33

4 . 80

89

4 2 . 08

5 . 34

115

42 . 2 5

3 1 . 55

5 . 98

118

3 0 . 75

5 . 97

81

29. 26

6 . 46

1 07

2 9 . 57

6 . 72

105

33 . 03

7 . 90

116

3 5 . 65

7 . 90

79

3 6 . 20

7 . 96

106

36 . 17

7 . 25

RAB

115

44 . 0 4

5 . 98

122

4 3 . 82

4 . 86

89

4 1 . 61

4 . 97

115

41 . 27

5 . 40

RBC

103

30 . 66

5 . 21

120

30 . 70

6 . 26

81

30 . 41

6 . 17

107

29 . 85

6 . 31

RCD

102

3 5 . 23

8 . 85

116

3 6 . 72

8 . 00

80

3 5 . 70

7 . 79

106

3 6 . 62

7 . 38

LABX* *

115

18 . 71

2 . 76

122

18 . 83

2 . 56

89

1 9 . 07

3 . 16

115

19 . 2 1

2 . 79

LADX

143

43 . 57

5 . 02

145

4 2 . 95

4 . 58

126

4 6 . 02

6 . 89

145

4 5 . 70

4 . 85

LAPX

124

32 . 89

4 . 39

139

33 . 1 7

4 . 22

124

37 . 6 9

6 . 80

141

38 . 4 9

4 . 89

LTPX

124

5 1 . 23

8 . 85

139

49. 09

1 . 21

124

55 . 11

10. 61

141

52 . 82

8 . 44

RABX

115

18 . 93

2 . 93.

122

1 9 . 03

2 . 30

89

19 . 06

3 . 24

115

18 . 8 6

2 . 83

RADX

127

· 4 3 . 78

5 . 12

143

4 3 . 50

5 . 00

122

4 6 . 92

6 . 39

1 50

46 . 0 9

4 . 96

RAPX

111

33.75

4 . 66

136

33 . 18

4 . 80

118

36 . 92

1 . 20

145

37 . 5 8

4 . 97

RTPX

111

50 . 66

7 . 30

136

50 . 2 4

7 . 30

118

55 . 7 1

10 . 3 9

145

52 . 92

7 . 66

N*

Mean

S . D.

LAB

115

44 . 19

LBC

108

LCD

Variable

00

etah1am1

*Sample sizes vary due to missing data .
* *All Distances recorde4 lQ millimeters .

5 . 24

The Maximal ATD Angle
The atd angle is formed by straight lines originating
from triradius t to triradii � and d (see Figure 6 ) .

Nor

mally, the combined right and left atd angles, the maximal
atd angle, is considered in dermatoglyphic studies.
(1949) originally devised the . maximal atd angle as

a

Penrose
means

of identifying the position of the t triradius (Holt 1968 ) .
More distally placed t triradii will yield greater atd
angles than those more proximally located .
· In this study the atd angle was computed according to
the following formula:
atd = arctan (APX/TPX) + arctan ( (ADX - APX)/TPX )
This formula yields an atd value as measured in radians.
Radians were utilized for analytical purposes in this study,
but they can be easily converted· to degrees by multiplying
the value by 180/«.
Asvmmetrv of Interdigital Ridge-Counts
Asyrmnetry _ of ridge-counts is assessed by subtracting
values on one hand from the other.

For example, asymrQetry

of the a-b ridge-count is computed accordingly ;ASAB = RAB - LAB.
As with ASAB for asymmetry of the a-b ridge counts , values
for asymmetry of the b-c and c-d ridge-counts are computed
in the same manner and are designated ASBC and ASCD , respec
tively.
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3.

ANALYTICAL METHODS

All statistical manipulations employed various proce
dures of the Statistical Analytical System (SAS) (Ray 1982) .
It should be stated that, for the sake of brevity, explicit
details of the statistical methods are not provided in the
text.
Interdigital Ridge-counts
A multivariate analytical approach was taken for the
interdigital ridge-counts .

As such, each individual was

represented as a vector of six variables corresponding to
the six counts, and four groups consisting of highland and
lowland males and females were considered in the model.

By

including four groups in the model, location, sex, and
location-by-sex interaction effects could be assessed in
multivariate tests of intergroup homogeneity .

The first phase of the analysis emphasized canonical

variate· analysis.

This multivariate procedure, in the

multiple-group case, involves: .

[ combining ] the multiple descriptor variables into
a reduced number of functions which maximize, or
most efficiently s marize the overall differences
among the population (Albrecht 1980: 680 ) .
The SAS procedure CANDISC was utilized to obtain the

canonical variate analysis .

CANDISC yields a variety of

statistics and matrices, including univariate and multivar
iate comparisons of means among groups, canonical variates,
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canonical coeffecients and group centroids, covariance
matrices, and correlation matrices.
The second phase of the analysis of the interdigital
ridge-counts involved extracting principal components from
the pooled within-groups covariance matrix.

This was accom

plished via the SAS procedure PRINCOMP.
Principle components analysis involves transforming the
original variables into orthogonal linear combinations based
on the covariation or correlation of the variables.

Often

when biological data is utilized, as is the case in the
present study, the linear combinations may be interpreted in
morphological terms.

When the original variables considered

are of the same scale, such as ridge-counts, the pooled
within-groups covariance matrix rather than the correlation
matrix, is normally utilized for orthogonal transformation
into th� respective components.

such was the case in the

present analysis.
The third phase of the analysis invol a multivariate
analysis of variance (MANOVA) on principal component scores.
The SAS procedure SCORE was utilized to create principal
component scores for each individual.

This essentially

involves multiplying the original variables with the corres
ponding eigenvector weights, and adding these products by
eigenvector to produce six new variables (the principal
component scores) .

Means of these variables can then be

simultaneously tested for homogeneity among groups via the
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MANOVA as produced by the SAS procedure GLM.

In essence,

this third analytical phase allows for testing differences
among groups relative to the biologically interpretable
principal components.
Ridge Breadth
Testing for intergroup differences in a-b ridge breadth
was accomplished by analysis of covariance as produced by
the SAS procedure GLM.

Analysis of covariance is a tech

nique that:
is an extension of the analysis of variance to take
into account the possible effects, on the dependent
variable, of one or more uncontrolled variables • •
. (Tatsuoka 19 71: 39) .
When using analysi� of covariance it is first necessary
to test for equality of slopes among the groups being consi
dered.

If the regression lines of the criterion variable on

the covariate are not parallel then no further tests are
necessary.

Should the lines prove to be parallel, the

analysis proceeds with a test of linearity between the
criterion variable and the covariate.

Finally, the means

adjusted for differences on the covariate can be tested
among the groups in question (Tatsuoka 19 71 ; Owsley 19 78) .
This t�chnique was necessary for the ridge breadth
analysis because of the discordant age distributions among
the highland and lowland samples.

Until adulthood, growth

of the hand may increase the intertriradial distance.
Instead of using age as the covariate, it was hypothesized
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that the a-d distance (ADX) · would be a more direct indica�
tion of growth in breadth of the hand.

By controlling for

this factor, adjusted means of the variable in question
could be tested for differences among groups.
For two reasons only individuals under 15 years of age
First, because of the pau

were included in the analysis.

city of adults in the highland sample, utilizing older
individuals was deemed untenable.
tive age groups should be compared.

Ideally, the same rela
Of course, an adult

comparison would have precluded the necessity for using
analysis of covariance.

Second, assuming a relationship

between growth of the hand and stature increase, standard
growth curves such as found in Tanner (1978: 13) show that
growth in stature is moderately linear between the ages of
about five to 14 years.

However, it must be noted that the

female growth curve deviates from relative linearity at
about 11 or 12 years of age.

Nevertheless, by limiting the

samples to individuals aged 14 years and under, it was felt
that a more general trend of linear growth would be realized
for the measure of covariation.

The analysis of a-b ridge breadth only involved a

highland-lowland contrast.

This was made possible by

centering ridge breadth values on a mean of zero.

This

procedure retains variability about the means but eliminates
sex differences in the means.
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Maximal ATD Angle
The same analytical technique and sampling protocol
utilized for ridge breadth analysis was employed for the
maximal atd angle.

However, in this analysis the variable

TPX was used as the covariate.

Holt (1968) notes that there

is a tendency for the hand to grow more in length than in
width as age advances.

Thus, the longitudinal measurement

of TPX should vary with age in a somewhat linear fashion.
Asymmetry
Assessment of directional and fluctuating asymmetry
depends on the statistical methodology utilized for compari
son.

Testing for directional asymmetry is accomplished by

comparing means of the asymmetry values.

Fluctuating asym

metry is tested by assessing equality of variances for the
asymmetry values.

The SAS procedure TTEST accomplishes this

for both types of asymmetry.
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CHAPTER 6
RESULTS AND DISCUSSION
1.

ANALYSIS OF THE INTERDIGITAL RIDGE-COUNTS

canonical Variate Analysis
Means and standard deviations of the interdigital
ridge-counts for the four groups are presented in Table 4
along with the univariate intergroup comparisons.

The

univariate comparisons pertain to tests for total hete
rogeneity.

As noted in the previous chapter, a sex compo

nent as well as a group component is included in the
model.
Initial inspection of the means shows that highland
males and females have larger values than lowland males
and females for all variables except LCD in each sex and
RCD which is slightly larger in lowland males.

Observa

tion of the derived F statistics �nd their probabilities
shows that LAB, LBC, LCD, and RAB significantly differ
among groups at p 4' 0. 05.
Statistical results for the canonical variate analy
sis are presented in Table 5.

Of the three canonical

variates that were possible, only the first is significant
(F

=

3. 34, P

=

0. 001) .

This canonical variate comprises

88. 9% of the total variation.
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Table 4 .

Group Means , Standard Deviations , and Univariate Intergroup Comparisons for the Interdigital
Ridge-Counts .
Highland
Male (n = 97)

(X)

Variable

,

i

S�D�

Female (n = 112)

_i __

s� o�

Male (n

i

=

Lowland
78)
S . D.

Female (n

i

- - �- -�

=

-

1 0 3)

Univariate
Intergroup
•
Statistics *

,

S.D.

F

0 . 0001

LAB

4 4 . 77

4 . 99

4 4 . 56

4 . 62

42 . 35

5 . 46

42 . 07

5 . 37

7. 38

LBC

31 . 67

5 . 83

30 . 74

6 . 04

2 9 . 32

6 . 53

2 9 . 55

6 . 80

2 . 81

0. 039

LCD

33 . 10

7 . 88

35 . 56

8 . 01

3 6 . 41

7 . 80

36 . 20

7 . 25

3 . 65

0 . 013

RAB

44 . 54

5 . 53

4 3 . 92

4 . 91

4 1 . 79

5 . 11

41 . 11

5 . 46

9 . 66

0 . 0 01

RBC

30 . 59

5 . 16

30 . 71

6 . 33

30. 55

6 . 25

2 9 . 70

6 . 35

0 . 61

0 . 610

RCD

35 . 5 7

8 . 80

3 6 . 71

8 . 13

3 5 . 79

7 . 70

36 . 53

7 . 36

0 . 48

0 . 696

*Values pertain to tests of total heterogeneity .

Table 5.
Canonical
Variate

Statistical Results for the Canonical Variate
Analysis of the Interdigital Ridge-Counts.
Eigenvalue

% of
Variation

Wilk ' s
Lambda

F

p

0. 858

3. 34

0. 001

1

0. 145

·88. 9

2

0. 013

7. 7

0. 982

0. 69

0. 73

3

0. 006

3. 4

0. 994

0. 53

0. 71
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The total canonicaL structure for the three canonical
variates is shown in Table 6.

The total · canonical struc�

ture represents the correlation of the original variables
with the canonical variate scores.

For the first cannon

ical variate, the highest absolute loadings are seen for
RAB and LAB (0. 725 and 0. 635, respectively) followed by
LCD (-·. 422), LBC (0. 408), RBC (0. 126), and RCD (�. 056) .

What is most interesting about the distribution of these
values is that they decrease in . magnitude (positive to

negative) on each hand in a radial-ulnar gradient.

In

other words, the value for LAB is greater than for LBC
which is greater than LCD, and the same is true for the
right counts.

Referring back to Chapter 4, it will be

remembered that a radial-ulnar developmental sequence of
the dermal ridges was identified by several researchers
(e. g. , Okajima 1975; Babler 1979; de Wilde 1980).

Fur

thermore, if one accepts de Wilde's (1980) hypothesis
concerning ridge formation, this radial-ulnar developmen
tal sequence may be established before ectodermal dif- .
ferentiation, possibly as early as the seventh week of

fetal growth.

Table 7 presents the raw canonical coefficients and

the group centroids on the canonical variates for the
interdigital ridge-counts.

Implications of locational

differences are seen in the centroids of the first
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Table 6.

..

Total Canonical Structure of the Interdigital
Ridge-Counts.
Canonical Variate

Variable

1

2

3

LAB

0. 6 35

0. 346

0. 557

LBC

0. 408

-. 155

0. 034

LCD

-. 422

0. 412

0. 729

RAB

o. 725

0. 479

0. 2 9 3

RBC

0. 126

0. 465

-. 043

RCD

-. 056

-. 020

0. 7 78
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Table 7.

Raw Canonical Coefficients and Group Means
(Centroids) on the Canonical Variates for the
Interdigital Ridge-Counts.
Canonical Variate
1

2

3

Raw Canonical Coefficients
Variable
LAB

0. 04457

-. 02436

0. 1498 2

LBC

0. 017 7 3

-. 01750

0. 05522

' LCD

-. 119 42

0. 018 78

0. 07010

RAB

0. 1278 2

0. 113 3 1

-. 08 3 7 4

RBC

-. 0006 3

0. 18 3 7 3

-. 077 54

RCD

0. 05516

-. 02110

0. 0426 2

Group Means
· Group
Highland Male

0. 5143

-. 06 38

-. 068 0

Lowland Male

-. 3 6 7 7

0. 146 1

-. 08 56

Highland Female

0. 1759

0. 08 27

0. 096 8

Lowland Female

-. 3 9 7 3

-. 1404

0. 0236
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canonical variate in that highland values are positive and
lowland values are negative.
Principal Components Analysis
Table 8 simultaneously presents the pooled within
groups covariance and correlation matrices.

Table 9 shows

the eigenvectors, eigenvalues, and percentage of variation
for the six principal components (PC ' s) .

The first prin�

cipal component (PCl) accounts for 42. 1% of the total
variation.

The highest loadings are for LCD (0. 6 7 3)

and

RCD (0. 6 79) , thus distinguishing the CD counts from the
others which have markedly lower positive loadings.

The

second principal component (PC2) accounts for 29 . 8% of the
total variation.

The high positive loadings for LBC

(0. 6 35) and RBC (0. 598) are contrasted with the negative
loadings for LCD (-. 53) and RCD (-. 233) ; the AB counts are
intermediate.

PC3 accounts for 13. 2% of the total varia

tion and shows high positive loadings for LAB (0. 59 2) and
RAB (0. 6 22) while the other variables are all negative.
Interpretation of the first three components thus suggests
emphasis on each of the three interdigital areas of the
hands.
The last three components collectively account for
approximately 14% of the total variation and reflect
aspects of asymmetry.

PC4 (8. 7% of the total variation)
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Table 8.

Variable

Pooled Within-Groups Covariance Matrix (above
the Diagonal Line) and Correlation Matrix
(Below the Diagonal Line) for · the Interdigital
Ridge-Counts.
LAB

LAB

LBC

LCD

RAB

RBC

RCD

8. 59

9. 18

20. 00

8. 8 7

6. 26

-2. 89

9. 21

27. 8 4

-2. 98

10. 6 2·

8 . 17

42. 55

8 . 20

6. 8 8

LBC
LCD

0. 23

RAB

0. 75

0. 27

RBC

0. 29

0. 7 3

0. 17

RCD

0. 15

-. 06

0. 69
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-4. 07
0. 16

Table 9 .

Principal Components Analysis of the Interdigital Ridge Counts .
Eigenvectors
PCl

PC2

PC3

PC4

PCS

PC6

LAB

0 . 18 6

0 . 300

0 . 5 92

0 . 038

0 . 55 4

- . 4 65

LBC

0 . 028

0 . 636

- . 31 6

0 . 039

- . 399

- . 42 4

LCD

0 . 675

- . 05 3

- . 1 31

- . 620

- . 250

- . 2 78

RAB

0 . 202

0 . 304

0 . 62 1

0 . 036

- . 48 4

0 . 4 95

RBC

0 . 095

0 . 5 98

- . 34 9

- . 2 73

0. 446

0 . 488

RCD

0 . 678

- . 2 31

- . 155

0 . 618

0 . 1 95

0 . 206

22 . 20

7 . 45

5 . 88

8 .8

2.9

2.3

Variable

Eigenvalue
% of
Variation

109 . 76
43. 2

75 . 27

33 . 30

29. 7

13. 1
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shows a high negative loading for LCD (-. 6 25) and a high
positive loading for RCD (0. 617) .

Although the absolute

values for the BC counts are not as high as those for the
CD counts, a positive-negative contrast for LBC (0. 391)
and RBC (-. 271) is also revealed.

PC4, therefore, can be

interpreted as an asymmetry component for the c-d and b-c
interdigital ·areas.

PCS accounts for 2. 9% of the total

variation and shows a clear positive�negative contrast
between homologous areas of the right and left hands.

In

terms of absolute magnitude, the AB counts are highest
(0. 555 and -. 486, for LAB and RAB, respectively) followed
by the BC counts (-. 399 and 0. 445, for LBC and RBC,
respectively) and then the CD counts (-. 247 and 0. 19 3,
for LCD and RCD, respectively) .

PC6 accounts for only

2. 3% of the total variation but readily suggests asymmetry
between hands with negative loadings for the left counts
and positive loadings for the right counts.

LAB (-. 46 4) ,

LBC · (- • 427) , RAB ( O. 49 3) , and RBC ( O. 49.1) are all similar
in absolute magnitude while RCD (-. 27 7) and LCD (0. 205)
are somewhat lower.
It is tempting to infer that the last three two prin
cipal components suggest directional asymmetry between the
sides of the body.

In this vein, the contrasts could

represent a maturational gradient where a developmental
bias favors one side over the other.
96

This ·inference is

certainly consistent with evidence presented, for example,
in Corballis and Morgan (19 78) for other structures of the
body.
Multivariate Analysis of Variance of the Principal Compo
nent Scores
Group means. for the principal component scores are
presented in Table 10.

Table 11 presents the results of

the MANOVA for the principal component scores.

To reite

rate, treatments in the analysis include location (high
land versus lowland) , sex , and location-by-sex interac
tion.
Results for the full model show that, of the three
treatments, location is the only one that is significant
(F = 8. 37, p = 0. 0001) .

Results for the univariate com

parisons among groups show that PC2, PC3, and PC4 are
significant at p <. 0. 05.

Significant treatments contribu

ting to the univariate models include location for each of
the three significant components and loacation-by-sex
interaction for PC4.

Again , PC2 and PC3 emphasize the ,-BC

and AB counts, respectively, while PC4 reflects · bimanual
contrasts suggestive of asymmetry for the CD and BC
counts.
The significant components contributing to the full
model and the significant treatments contributing to both
the multivariate and univariate analysis perhaps can be
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Table 10 .

Group Means of the Interdigital Ridge-Count
Principal Component Scores .
Highland

Lowland

Male

Female

Male

Female

PCl

67 . 63

69 . 8 7

68 . 94 ·

69 . 04

PC2

55 . 39

54 . 20

52 . 09

51 . 27

PC3

2 3 . 63

22 . 8 3

20 . 80

20 . 33

PC4

8 .83

7.56

5 . 79

6 . 66

P.C5

2 . 92

3 . 08

3 . 06

2 . 94

PC6

0.81

0 . 67

0 . 70

0 . 19

Com12onent
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Table 1 1 .

MANOVA Results for the Palmar Interdigital Ridge-count Principal Components .

Full Model*
Treatment

F

Location

8 . 37

0 . 0001

Sex

0 . 91

0 . 490

Location*Sex

1 . 13

0 . 346

p

*Degrees o f Freedom = 6 , 3 8 1 .

\D
\D

Univariate**
Signif icant Univariate
Treatments

ComE_onent

Model SS

Error ss

1

263 . 230

42314 . 043

0 . 80

0 . 4971

NS

2

1051 . 087

2 9 1 9 9 . 6 47

4 . 63

0 . 0036

Location ( p

=

0 . 0 001 ) .

3

7 3 2 ·. 1 4 3

12912 . 914

7 . 30

0 . 0001

Location (p

=

0 . 0001 )

4

453 . 313

8 50 5 . 28 4

6 . 86

0 . 0002

Location (p = 0 . 000 1 ) ;
Location*Sex ( p = 0 . 0 0 2 7 )

5

1 . 969

2 8 8 6 . 316

0 . 09

0 . 9615

NS

6

22 . 969

2 2 7 7 . 8 55

1 . 30

0 . 2 7 42

NS

F

* *Degrees of Freedom for Mode l ss and Error ss

=

p

3 , 3 86 .

more clearly understood by referring back to the principal
component means (see Table 10) .

The means for the signif

icant components contributing to the full model (PC2, PC3,
and PC4) are higher among highlanders of both sexes than
the means for their lowland counterparts.

Relative to the

principal component scores, these differences, therefore,
are explainable with reference to variation in the AB and
·BC counts and to ·variation in asymmetry of the BC and CD
counts.

With respect to how the variation in the princi

pal component scores translate into variation in the
original ridge-count variables, (see Table 4) , it will be
remembered that the groups significantly differed for both
AB counts and for the left BC and CD counts.

By virtue of

the significant differences, particularly with respect to
location, these findings are quite supportive of the
environmental · hypothesis.
2.

ANALYSIS OF ASYMMETRY

Statistical information for the interdigital ridge
count asymmetries among highland and lowland samples is
presented by sex in Table 12.

Since the asymmetries were

computed as right minus left, negative values suggest that
the left counts are greater than the right.

Among high

land males, negative mean values are seen for ASAB (-0. 15)
and ASBC (-1. 05) .

Negative values for lowland males are
100

Table 1 2 .

Means , Standard . Deviations , T-tests for Differences in Means , and Tests for Equality
of Variances among Groups for the Interdigital Ridge-Count Asymmetry Values .
Hig:hlan4

Vari�!!_- N

.....
.....

Males

T-test for Differences
in Means

Lowland

lie
��-- - s . o�

_IL

Test for Equality
of Variances

-- �•n

S.D.

T

p

F

p

ASAB

115

- . 15

3 . 15

89

- . 47

3 . 14

0 . 73

0 . 47

1 . 01

0 . 99

ASBC

100

1 . 05

5 . 07

78

1 . 23

4 . 63

- 3 . 09

0 . 01

1 . 20

0 . 41

ASCO
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2 . 56

6 . 46

78

- . 62

6 . 73

3 . 18

0 . 01

1 . 08

0 . 70

ASAB

122

- . 51

3 . 93

115

- . 98

4 . 02

0 . 92

0 . 36

1 . 04

0 . 85

ASBC

116

- . 06

4 . 18

104

0 . 16

4 . 24

- . 39

. 0 . 69

1 . 04

0 . 85

ASCD

112

1. 15

6 . 10
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0 . 33

5 . 91

1 . 00

0 . 32

1 . 06

0 . 75

Females

seen for ASAB (-. 47) and ASCD (-. 6 2) .

In terms of

absolute differences, the largest mean asymmetry value is
2. 56 for ASCD among highland males and 1. 23 for ASBC among
lowland males.

Among highland females, negative mean

values are seen for ASAB (-. 51) and ASAB (-. 06) while
negative values for lowland females are seen only for ASAB
(-. 98) .

As for absolute differences, the largest mean

asymmetry value

is 1. 15 for ASCD among highland females

and -. 98 for ASAB among lowland females.
T-tests for differences in mean values among highland
and lowland males are significant at p
ASCD.

<

O . U l for ASBC and

No significant differences in mean asymmetry values

are seen for the female comparisons.

These t-tests on the

mean asymmetry values represent comparisons for differen
ces among groups for directional asymmetry.

As such, the

tests noted above suggest that the males exhibit more
variation in asymmetry than the females.

Additionally,

the significant differences for ASBC and ASCD among males
corroborate the structure of PC4 in the princpal com- ·
ponents analysis.

It will also be remembered that PC4 was .

significant in the MANOVA and significant treatments con
tributing to the univariate comparison for PC4 included
both location and location-by-sex interaction.

As seen in

Table 13, no significant differences were found for mean
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Table 13.

T-Tests for Sex Differences in Means and Tests
for Equality of Variances among Sexes by Location for the Interdigital Ridge-Count Asymmetry
Values.
T-test for Differences
in Means

Variable

T

p

Test for Equality
of Variances
T

p

Highland
ASAB

0. 78

0. 41

1. 56

0. 02

ASBC

-1. 55

0. 12

1. 47

0. 04

ASCD

1. 6 3

0. 11

1. 12

0. 55

ASAB

1. 02

0. 31

1. 6 4

0. 02

ASBC

1. 61

0. 11

1. 19

0. 41

ASCD

-1. 00

0. 32

1. 30

0. 22

Lowland
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asymmetry values among either highland or lowland males
and females when compared by location.
The tests for equality of variances are representa
tive of comparisons among groups for fluctuating asym
metry.

As shown in Table 12, no significant differences

were found for any of the three asymmetry variables among
highland and l�wland males or females.

In terms of envi

ronmental effects in the form of hypoxia, these data are
somewhat disappointing.

It might have been expected that

highlanders would have exhibited more fluctuating asym
metry than the lowlanders due to the effects of hypoxia at
high altitude.

on the other hand, it may be just as rea

sonable to �uppose that highlanders, due to their pro
longed residence at high altitude, would be subjected to
more rigorous canalizing selection, reslulting in more
controlled morphogenetic processes (Richard L . Jantz,
personal communication. )
Table 13 also presents the tests for equality of
variances among highland males and females and lowland .·
males . and females.

Among the highlande�s, significant

differences were found for ASAB (F
(F

=

1. 6 4, p

=

=

1. 56, p

=

0. 02) ASBC

0. 02) . . Referring back to Table 12, it is

seen that the standard deviations for ASAB, hence the
variances, are greater among females than males from both
locations.

The standard deviation for ASBC is greater
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among highland males as compared to highland females
.
•
While no major emphasis should be placed on these fin
dings, it could be supposed that highland males and fe
males are perhaps more sexually dimorphic with respect to
fluctuating asyrmnetry than are lowland males and females.
That females in both locations exhibit greater variances
in a-b ridge-count asyrmnetry is somewhat of a surpr�se.
Greater variances imply lower correlations for the a-b
counts of right and left sides.

Correlations between the

a-b counts in females are more often than not greater than
male correlations in a number of populations worldwide
(Jantz and Webb 1982).
3.

ANALYSIS OF A-B RIDGE BREADTH

Means and standard deviations of a-b ridge breadth
for the highland and lowland males and females are presen
ted in Table 14.

Consistent with expectations, the males

exhibit greater ridge breadth than the females.
Table 15 presents the results of the analysis of .·

covariance for a-b ridge breadth among the highlanq a�d

lowland samples.
significant (F

=

The test for equality of slopes is not

1. 06, p

=

0. 30).

The test for a linear

regression between TBAB and ADX is highly significant (F =
100. 60) at p = 0. 0001.

This suggests that ridge breadth

increases with concommitant increases in ADX.
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The test

Table 14.

Means and Standard Deviations of A-B Ridge
Breadths for the Highland and Lowland Males and
Females Under 15 Years of Age.
Lowland

Highland
Females

Males

Table 15.

adj

415. 5

419. 5

44. 51

43. 70

Adjusted Means and Results of Tests in the
Analysis of Covariance for A-B Ridge Breadth
among Highland and Lowland Samples.

Adjusted Means

X

53

46. 66

41. 95

S. D.

58

418. 5

411. 7 ·

Mean

Females

115

96

N

Males

Results of Analysis of Covariance
Test

Highland

Lowland

211

111

Equality of
Slopes

-165

3. 13

Regression
Means
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F

1. 06
100. 60
1. 24

p

0. 30
0. 0001
0. 27

for differences in adjusted means reveals that the high
land and lowland samples do not significantly differ with
respect to a-b ridge breadth (F = 1. 24, p = 0. 27) .
The nonsignificant findings for a-b ridge breadth
among the highland and lowland samples obviously do not
readily support the environmental hypothesis presented in
this study.

However, it has been shown that variation in

ridge breadth is strongly genetically influenced, particu
larly with respect to sex_ chromosome number (e. g. , Penrose
and Loesch 196 7) and according to population variation
(e. g. , Jantz and Parham 19 78 ) .

Furthermore, relationships

between ridge breadth and general environmental disruption
have met with equivocal results.

For example, Babler

(1979) did not find significant differences in primary
ridge width or interridge distances of the fingers among
spontaneous and elective abortuses.

On the other hand,

OWsley (1978) , using analysis of covariance with age as
th� covariate, did find significant differences in a- b
ridge breadth among controls and patients with orofaci�l
clefts.

Given the equivocal results of the above two

studies and the fact that ridge breadth appears to be
under strong genetic control, differences between the
highland and lowland populations compared in this study
might not have been expected in the first place.
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4.

ANALYSIS OF THE MAXIMAL ATD ANGLE

As previously stated, in terms of the samples and the
research design, the analysis of the maximal atd angle
paralleled that for the analysis of a-b ridge breadth
except that TPX was utilized as the covariate.

Means and

standard deviatio�s of maximal atd angle for the highland
and lowland males and females are presented in Table 16.
Adjusted means and results of the analysis of covari
ance are presented in Table 17.

The test for equality of

slopes is not significant (F = 0. 07, p = 0. 80). The test
for a linear regression between atd and TPX is highly
significant (F = 328. 57, p = 0. 001) suggesting that the
maximal atd angle increases with concommitant increases in
No differences· are seen for the comparative adjusted

TPX.

means although the F statistic (F
approaches significance at p =

=

a . as .

3. 29, p

=

0. 07)

Schaumann and Alter (1976) note that the maximal atd
angle is often larger for a number of disease states and
genetic disorders.

It might have been expected that the

highlanders would have exhibited significantly greater

angles than the lowlanders if the hypoxia argument is
valid.

Nevertheless, the adjusted mean for the highlan

ders (0. 08) is higher than the same for the lowlanders
(-. 014).

Furthermore, because the test on the means
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Table 16.

Means (in Radians, Degrees in Parentheses) and
Standard Deviations of the Maximal ATD Angle
for Highland and Lowland Males and Females
under 15 Years of Age.
Highland

N

Mean
S. D.

Lowland

Males

Females

Males

Females

87

118

63

54

1 . 595

1 . 570

1. 57 4

(90. 3 )

(91. 4 )

(90. 0 )

(90 . 2 )

0. 18 4

0. 181

0. 201

0. 169

(10. 5 )

(10. 4 )

1 . 59 3

0

0

0

Table 17.

0

0

0

0

0

(11. 5 )

(9 . 7 )

Adjusted Means and Results of Tests in the
Analysis of Covariance for the Maximal ATD
Angle among Highland and Lowland SampleS:Results of the
Anal:2:is of Covari'ance

Adjusted Means
Highland

Lowland

Test

N

205

117

Equality
of Slopes

xadj .

0. 008

-. 014

Regression
Means

109

F

0. 07
328. 57
3. 29

p

0. 80
0. 0001
0. 07

approaches significance, one could certainly suggest at
least a trend toward greater atd angles in the �ighlan
ders.

As such, hypoxia may possibly induce greater atd

angles analogous to how disease states, congenital malfor
mations, and genetic disorders affect the expression of .
this dermatoglyphic character.
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CHAPTER 7
SUMMARY AND CONCLUSIONS
The primary intent of this study was to test the
hypothesis that highland and lowland Peruvian Quechua
speaking populations exhibit significant differences for
quantitative palmar dermatoglyphic characters.

Implicit

in this hypothesis is that the highland group would have
experienced prenatal developmental disruption due to the
affects of hypoxia.

The test of this environmental hypo

thesis utilized palmar dermatoglyphics of highland Peru
vian natives from the village of Ondores in the Province
and Department of Junin and lowland Peruvian natives from
the village of Pamashto in the Province of Lamas and the
Department of San Martin.
In assuming an environmental model to explain derma
toglyphic differences between these populations , it was
necessary to address the assumption that they are histori
cally related and are genetically homogeneous.

As indi

cated above , the highland population from the village of
Ondores and the lowlanders from the village of Lamas are
both Quechua-speakers.

The Quechua , present-day descen

dants of the Inca , owe their widespread distribution
throughout the altiplano of the Peruvian highlands largely
to the imperialistic military exploits of Pachacuti , the
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eighth . Inca ruler.

Historical sources also suggest it is

highly likely that the Lamistas, the only known Quechua
speakers from the tropics east of the Andes, are descen
dants of Chanca tribesmen that were forced from their
highland domain by the armies of Pachacuti.
Genetically, the populations exhibit similar frequen
cies of blood polymorphisms and significantly differ from
several lowland tropical tribes in the expression of these
traits (Frisancho and Klayman 19 75) .

These data suggest

that the lowlanders have remained relatively isolated with
respect to gene fiow from other neighboring tribes.

Addi

tionally, Frisancho et al. (1980) have noted that the
Lamistas are endogamous with respect to panmixis with
Mestizo residents of the same vicinity.

It seems that the

major genetic mechanism that could have altered gene fre
quencies of the lowlanders would have been genetic drift.
Again, the similarities _of the single-locus polymorphisms
among the highlanders and lowlanders would tend to beli�
this genetic pos sibility because certain studies have ··

suggested that monogenic traits are more susceptible to
stochastic genetic change than are polygenic traits;
therefore, the latter would be better predictors of popu
lation relationships.

However, Rogers and Harpending

(198 3) seemingly have demonstrated that polygenic traits
may indeed be as susceptible to drift as are monogenic
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traits.

Thus, proposed dermatoglyphic differences among

the two groups could possibly be explained due to stochas
tic genetic change.

On the other hand, Rogers - and Har

pending 's (1980) findings could also be interpreted such
that monogenic traits are as effective as polygenic traits
in determining population affinities.

In sununary, ·it

appears that the lowland Lamistas have been relatively
unaffected by these genetic mechanisms that could alter
their gene frequencies.
The· effects of hypoxia on the developing fetus at
high altitude have been indirectly assessed in studies
dealing with newborn birth weight, changes in the pla
centa, and maternal and fetal blood composition.

Consis

tently, studies (e. g. , Mcclung 1969, and Haas 1976) have

shown · that birth · weight_ is depressed at hi_gh altitude even
after controlling for various intervening factors which
could potentially induce low birth weight among newborns.
For placental changes, it might be hypothesized that pla
centa weight should be greater at high altitude, thus
enhancing the flow of oxygen to fetal tissues.

In terms

of absolute weight this is not the case. However, Mcclung
(.1969) in particular has demonstrated that the placental
ratio is greater at high altitude.

This suggests that the

placenta is larger relative to the low birth weight common
at high altitude.

Additionally, the general configuration
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of the placenta has been shown to differ at high altitude.
Hematological studies generally show that maternal and
fetal hemoglobin and hematocrit values are greater at high
altitude.

This would be expected if hypoxic conditions

induce the need for enhanced oxygenation of fetal tissues.
To relate how hypoxia possibly may affect the devel
opment of the dermal ridges , it is necessary to understand
the general scheme of dermal ridge morphogenesis.

The majo

rity of information pertaining to dermatoglyphic development
suggests that the primary ridges are established between 10
to 12 weeks following conception; however , de Wilde (e . g . ,
1980) suggests that this event occurs possibly as early as
Whatever the case , . the
entire process of dermal and. epidermal ridge formation is

seven to eight weeks postconception.
complete by 25 weeks .

The development , alignment , and con

figuration of the ridges depends upon a number of factors
including contiguous stress between developing epidermal
layers , development of the handplate and spearation of the
fingers , the curvature of topological features , and sub
sidence of fetal volar pads.
During the period of dermal ridge development , both
genetic and environmental factors have been demonstrated to
affect normal dermatoglyphic development.

For example , sex

chromosome number and type influence the rate of dermatogly
phic development of the palms , especially in the a-b
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interdigital area .

However, the precise mechanism of sex

chromosome influence remains unclear .

Other comparative

studies have assessed differential dermatoglyphic expression
among controls and patients affected by deleterious genetic
or environmental conditions .

In general, it is presumed

that individuals afflicted in utero by such conditions may
exhibit altered dermatoglyphic development .

In this sense,

dermatoglyphic development would reflect general intraute
rine development of the fetus .

Most notable of these types

of studies are the works of Babler (e . g . , 1978, 1979) .

In

essence, he demonstrated that the dermatoglyphic development
of spontaneous abortuses was retarded relative to the derma
toglyphics of elective abortuses .
By also considering the previous evidence supporting
. fetal hypoxia at high altitude,· it is not unreasonable to
suggest that the dermatoglyphic differences among the

genetically similar populations examined in this study may
also reflect general intrauterine disruption due to
hypoxic effects .

However, because virtually all of the

studies dealing with fetal hypoxia at high altitude per
tain to the latest stage of gestation, it becomes diffi
cult to extrapolate . causation in the form of hypoxia and
apply it to the first trimester of gestation .

Fortunately,

studies by Haas et al . ( 1982) and Ballew and Haas ( 1985 )
dealing with the effects of hypoxia on body tissue late in
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gestation have provided indirect support for the possibility
of dermatoglyphic disruption early in gestation.

These

works essentially showed that hypoxia affects the rate of
development of mitotically active tissues.

Thus, since the

dermal ridges are formed during a period of extremely active
mitotic cell proliferation a connection between hypoxia and
general dermatoglyphic development possibly can be drawn.
Predicated on this idea, the analysis of the palmar
derm�toglyphics was undertaken.

Analytical considerations

for testing differences among the highland and lowland sam
ples included :

(1) a multivariate analysis of interdigital

ridge-counts; (2) univariate tests on mean asymmetry values,
and tests for equality of variances of asymmetry; (3) analy
sis of covariance on a-b ridge breadth; and, (4) analysis of
covariance on the maximal atd angle.
The first phase of the multivariate analysis of the
interdigital ridge-counts involved canonical variate analy
sis with each individual represented as a vector of six
variables.

Only the first canonical variate, comprising

almost 90% of the total variation, was significant.

Group

means based on values derived from the canonical coef
ficients attested to locational differences in that highland
males and females had positive values while lowland means
were negative .

The total canonical structure for the first

canonical variate revealed a
1 16

radial- ulnar developmental

gradient in the interdigital areas of each hand, thus cor
roborating other existing evidence for this developmental
sequence of dermatoglyphics
The second phase of the multivariate analysis of the
ridge-counts involved principal components. analysis.

PCl,

PC2, and PC3 emphasized the CD, BC, and AB counts, respec
tively.

PC4 suggested an asymmetry component for the CD

and BC counts. PCS showed positive-negative contrasts
between homologous interdigital areas of the right and
left sides, while PC6 contrasted the left hand (all values
negative) with the right hand (all values positive).
The final phase of this analytical section, the
MANOVA of principal component scores, yielded perhaps the
most encouraging results respective of the current hypo
thesis.

In the full multivariate model with location,

sex, and location-by-sex interaction as treatments, sig
nificant differences were found for location.

Univariate

comparisons of the principal component scores were signif
icant for PC2, PC3, and PC4.

For each of these three

components, location was a significant treatment in the
univariate models.

Tests for differences in mean asymmetry also revealed

supportive results for the hypoxia argument.

Highland and

lowland males significantly differed for the BC and CD
counts.

These differences , in a sense , mirror the structure
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of the . fourth principal component.

Females did not signifi

cantly differ for any of the three counts.

Interpreted in

terms of directional asymmetry , the results of the tests on
mean asymmetry suggest that the males are more variable than
the females.
While it might have been expected that highlanders
would have exhibited more fluctuating asymmetry than the
lowlanders , neither male nor female tests for equality of
variances proved significant.

However , it was suggested

th�t the highlanders may be experiencing more strict gene
tic control vis-a-vis canalyzing selection.
The final two analyses , analysis of covariance of a-b
ridge breadth and of the maximal atd angle , did not prove
greatly fruitful in support of the environmental hypothe
sis.

For both variables , tests on the adjusted means were

not significant.

However , the maximal atd angle did

approach significance at p = 0. 05 , and the adjusted mean
for maximal atd angle of the highlanders was larger than
the · same for the lowlanders.

Because it has been demon

strated that patients exhibiting diseases , congenital

defects , aberrant chromosomal anomalies , etc. usually have
larger maximal atd angles (Schaumann and Alter 1976) , one
might at least suggest a trend for hypoxic effects relative
to dermatoglyphic development of this character .
As emphasized throughout this study , and suggestive
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of the significant findings presented above, hypoxia
appears to be the prime factor for intrauterine develop
mental alterations throughout gestation at high altitude.
However, it would be remis s to omit mention of other
stres s factors that could also have a bearing on fetal
development in genera� and to fetal development among the
populations utilized in this study.

Two of the more

important of these factors are cold stres s and nutritional
deprivation.
Based on studies dealing with cold adaptation at high
altitude (e. g. , Hanna 1976 ; Little 1976 ; and, Little and
Hanna 1977), it would seem that the Quechua are both
culturally and physiologically well-adapted to cold
ambient temperatures ; culturally, their clothing and bed
ding materials are efficient in retaining body heat and
maintaining adequate body temperatures ; · physiologically,
evidence suggests that the highland native has an elevated
basal and resting metabolism, a slightly warmer core tem
perature, and high levels of blood flow to the extremi
ties.

However , these adaptive mechanisms may not be

enough to forestall the synergystic interaction of cold
stres s and hypoxia.

As Frisancho states (1979 : 152)

. . . j oint effects of hypoxia and cold increase
energy requirements ; this in turn affects the
energy balance and results in prenatal and post
natal growth retardation of the musculoskeletal
system, which affects both birth weight and
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stature . Because of this two-directional response,
human growth in high-altitude populations must be
viewed as the result of interaction and adaptation
of the organism to competing stresses of hypoxia,
cold, and energy requirements that characterize the
high-altitude environment.
How this synergystic relationship might affect prenatal
development during the time that dermal ridge formation
occurs is unclear, but cold stress, in this light, should
not be entirely discounted in the proposed environmental
hypothesis.
Nutritional deprivation experiments conducted on ani
mals (particularly rodents) have demonstrated deleterious
developmental effects throughout the gestational cycle (Ver
meersch 1977) .

However, it seems that very severe · nutritio

nal deprivation must occur before humans are ·drastically .
affected during the earliest stages of intrauterine develop
ment when dermal ridges are formed (Vermeersch 1977) .
As for the populations in this study, nutritional
stress would not pose a problem in the first place .

Frisan

cho et al . (1975) have indicated that the nutritional status
of the highlanders is essential ly adequate.

While nutri

tional deprivation among the lowland Lamistas has been
reported (Frisancho et al. 1975), Frisancho (personal cormnu�
nication) has stated that only individuals under approxi
mately six years of age would have been affected .
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Only two

individuals (both female) were included in the lowland
sample.
In conclusion, the significant dif ferences in the pal
mar dermatoglyphics of the highland and lowland Quechua
populations utilized in this study may be viewed as possible
supportive evidence that hypoxia at high altitude af fects
the development of the fetus during the earliest stage of
gestation .

Before is can be stated with a high degree of

certainly that high altitude hypoxia induces general fetal
developmental disruption, a great deal more work is needed
along the lines of the present study.

Nevertheless, the

present work has explored a virtually untouched area within
the scope of human adaptation and variability .

As such, it

stands a point of departure for further explorations into
the nature of fetal development - at high altitude .
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